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© Lens forming system. 



© An apparatus and method for making spectacle lenses, and lenses which can be produced thereby with 
particular front and back coatings. The apparatus provides a clean, efficient, and relatively automated means by 
which the lenses can be cast from a polymer and provided with suitable front and/or back abrasion resistant 
coatings, if desired. 
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Lens forming System 



Field of the Invention: 



This invention relates to an apparatus for casting a finished spectacle lens of a specified ophthalmic 
lens prescription, and particularly, relates to such aji^ajopa^uj^ able to fit into a 

relatively small space such as a room in a doctor's office. 
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Background Discussion: 

The majority of spectacle lenses are made from a polymeric resin material which on heat curing goes 
from a liquid to a solid state. The lens is formed by select.ng two mold elements and assembling them in a 
gasket which holds them in the desired spaced-apart relationship. The ophthalmic surfaces of the molds are 
generally parallel to each other and the center of the mold surfaces through which the optical axis of the 
molds passes are aligned with each other so that the optical axes coinc.de. The liquid polymenc resin 
materia! is placed between the two ophthalmic surfaces of the molds and allowed to harden, whereupon the 
molds and gaskets are disassembled. 

One problem with this procedure is that it is very difficult to cast a finished spectacle lens of a specified 
ophthalmic lens prescription. The conventional practice is to make semi-finished lenses on a large scale 
using mass production manufacturing methods. The optometrist who is prescribing the spectacle lenses for 
a patient then orders the desired lens prescriptions from a central laboratory which has a large inventory of 
semi-f.n.shed lenses. The central laboratory grinds the lens to the prescription ordered by the optometrist 

Recently, large chains of ophthalmic stores have set up centers where patients can have their 
prescriptions filled within a few hours or at the most overnight. These large chains are having an adverse 
impact on small optometrists who generally prescribe from about ten to twenty pairs of glasses a day 
These small optometrists must order the lenses from a central laboratory which may take several weeks to 
supply the lenses. The smaller optometrists would like to have the capability of making lenses within a few 
hours or at the longest overnight, but they do not have the equipment or the space available to manufacture 
lenses at their place of business. The present inyentiorius designed to satisfy this need of^sjuali 
optometnsts who would like to have the capability of manufacturing lensesat their business locations rather 
than ordering from a central laboratory. 



SUMMARY OF THE INVENTION 

The present invention is an apparatus for casting finished spectacle lenses of a specified ophthalm.c 
lens prescription. It is capable of fitting into a relatively small space, for example, a room having dtmensions 
of from about 10 to 14 feet in width to about 10 to 14 feet in depth and a standard 8 foot ceiling. This 
apparatus provides a cast lens which does not need to be ground, provided the pr escription comes w.thin 
the^ange_of molds Provi ded with the apparatus . Up to about twenty-four paTri^oTg lasses, or forty-eight ' 
lenses, can be made by this apparatus within a 24 hour period or even snorter. Not only single vision, but 
bifocals may be made using this apparatus, and the lenses may be clear or tinted, and their surfaces w.n be 
scratch resistant. This apparatus, in effect. is a miniature factory and provides a computerized, integrated 
manufacturing system for the optometrist office. Inventory of raw materials, work in process, process 
control, inventory control, remote order entry, project management, scrap materials, etc. may all be 
accounted for in the course of making lenses so that the minimum amount of operator sk.ll is required This 
enables the optometrist to employ a relatively low level skilled tecnn; C ian to make the lenses w,th minimum 
Supervision. 

There are several features of this invention wmch contribute to me above-noted advantages, no single 
one of which !S solely responsible for these desirable attributes. Without limiting the scope of this invention, 
as eypressed by the claims, its more prominent features will now be briefly discussed. After considering 
this discussion, and particularly after reading the section of this application entitled DETAILED DESCRIP- 
TION OF THE PREFERRED EMBODIMENT, one will understand now the features of this -nvention prov.de 
a compact, easv to operate lens casting apparatus 
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One feature of the present invention is the use of a selected gasket with selected moulds that enable 
the molds to be inserted into the gasket by a moF alipmenfa^ 

the In order to cast a finished spectacle lens the front and back molds must be 

spa^ jjng determ ined distance as^edforb^e ach individual prescription . Moreover, the front and 
G * i * i r 5 back mo,ds must bTaHgfted wiih eacrT otherTTcTiwopwIy oriented with respect to each other in reference 

to an index. Instead of relying on the operator to properly align the molds within the gasket, this is done by 
means which insert an identified pair of mold elements into a selected gasket to form an assembly of the 
gasket and mold elements. 

The second feature of this invention is that sev eral different types of ga skets are us ed depending o n the 
to jjrescnpti^ Approximately eighteen d jff grent s iz e gasket s are used and "these different gaskets 

^provide eighteen different spaces between theTroFTand back mold elements. All gaskets of the same 
size are stacked together in "Dixie cup" like fashion for easy access by the operator. Each stack of gaskets 
of the same size will have a signal means associated with it that is turned on by the apparatus to indicate to 
the operator that a gasket from this group should be used with the prescription being filled. This minimizes 
75 ooerator error in selecting the gaskets. The computer also performs a check to verify correct gasket 
selection. 

The third feature of this invention is the use of a storage unit for the mold elements which carries 
several hundred molds. The prescription will pe inputted into the apparatus 7 either remotely or by the 
ooerator. The computer then identifies which mold elements in the storage unit should be used to fill the 
prescription being processed. Preferably the mold storage unit will have means for advancing individual 
mold elements to a delivery station. The delivery station has a plurality of mold docks aligned in a row with 
each dock hav!ng a signal element that is activated to indicate to the operator that the desired mold is at 
the dock and that this mold is the proper one to be used to fill the prescnption being processed. Each 
individual mold is preferably stored in an individual package which protects the mold from damage as the 
25 mold is moved within the mold storage unit as different molds are forwarded to the delivery station. 

The fourth feature of this invention is the use of a coater which applies a release agent tQjfeemold 
elements prior to assemblingjhe mold elements in the gasket, this" coater has a carriage which moves 
between a forward ho me position where the coating ^ majejajj^^^lied, to tte^pMiak mc surface ofj he 
molo^andjieated to dry this material and a r ear position where the coated ophthalmic surfacesof the molds 
30 are^ubjected to ul traviole t radiation. The carriage has mounted thereon a plurality of vacuum cKicks^hicfT 
hold the molds and spin when the coating is applied to the ophthalmic surface of the mold. This spinning is 
desired to uniformly coat the ophthalmic surface. A removable tray is employed that is carried by the 
carriage and through which the chucks extend. This tray will catch any coating that flies off the surface cf 
the mold while it is spinning. 

35 ' The fifth feature of this invention is the use of machine re^bJejpj^nQs, on the gaskets and/or molds, 
to identify the gasket and mold elements being eTnplo^edTT processing any given prescription. These 
machine readable markings may simply be a bar code which is read by a conventional wand type reader 
f^o.ti that wiU take the inform at»on gathered when the operator scans the bar codes and forwards it to the 

computer controlling the operation of the apparatus. This bar code on the gasket is used to identify the 
40 particular job or prescription being filled. The computer keeps track of the lens being made by reference to 
the machine readable marking on the gasket and/or mold. 

The sixth feature of this invention is the useoLspacial molds. and gaskets .to facilitate assembly of the 
molds in the gaskets and alignment and orientation of the molds with respect to each other. The gasket is 
of the type generally descrioed in U. S. Patent No. 4,693.446 assigned to the assignee of this application 
45 but has been modified so that the mold elements are held firmly ,n position within the gasket as opposed to 
using ctamps to hold the gaskets. These gaskets are generally annular members which have an annular 
shoulder on the inside of the gasket on which the two mold elements rest. Adjacent this should are two 
annular recesses, one on each side of the shoulder, with a ramp section leading up to each recess. This 
ramp section is deformable. A mold element is inserted through each open end of the gasket, depressing 
* " " * 50 the ram P sectlon and snapping into the recess when it is adjacent the shoulder. The ramp springs back into 

its normal position to hold the mold element in position. Thus, the mold elements are spaced apart and held 
at the desired distance away from each other during filling where the liquid polymeric material is injected 
through a port on the side of the gasket. There are two ports employed, and they are each disposed within 
protrusions extending outwardly from the side of the gasket. These two protrusions are 180 degrees offset 
with respect to each other and they are used to orient the gasket in a start position so that each gasket is 
seated m exactly the same start position within the apparatus. The mold elements have a generally dish-like 
configuration with the ophthalmic surface having a curvature meeting the requirements of a lens prescription 
and a generally flat perimeter surrounding the ophthalmic surface These molds are characterized by having 
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a pair of index members disposed on the rim, each index member lying on the same line but 180 deqrees 
opposite the other. 

The seventh feature of this invention is the processing center which includes the mold alignment and 
assembly fixture, the resin storage and dispensing unit, and the curing ovens. The mold alignment and 
5 assembly fixture is adapted to automatically assemble the sefected molds within the selected gasket for =>. ^ ; - „ 0 
filling a particular prescription, orient the molds relative to one another, and then forward the assembly of - ^ 

gasket and mold elements to the resin storage and dispensing unit. The resin storage and dispensing unit ^ ' 
includes a refrigerator which stores a supply of different colored resins which include a catalyst. The resin is i> 
preferably the standard polymeric material allyl diglycol carbonate, commonly designated as CR39 This 
io resm is partially precured and includes the catalyst. Consequently, it must be maintained at a temperature Sl ^ kGi 

below 16 degrees fahrenheit. Within the refrigerator is a portion of the dispensing unit, with the dispensing 
head being located outside the refrigerator. — 

The eighth feature of this invention is the use of a canmster to hold the resin which has a unique entry 
code thereon which is machine readable and an empty indicator. The computer examines the entry code 
ts and will place a hold on the operation of the apparatus if a canmster ts used which is not correctly encoded. 
This is an important feature to prevent resin being used which does not have the proper formulation. A 
holder is used to hold six cannisters and has tubes loading from the cannisters and passing through to a 
dispenser head, and connected separately to six nozzles. Depending on the prescription, pressure is ?ti 
applied to one of the cannisters to force resin from this canmster through the tube to one nozzle in the 
20 dispensing head. The dispensing head is rotatably mounted to move a selected one of the nozzles into 
alignment with the fill port in the gasket, whereupon the assembly of gasket and molds is tilted to insert the 
nozzle into the fill port. Tilting is desirable to avoid air bubbles being trapped in the resin. A 15 degree tilt is 
adequate. Simultaneously, while resin is being injected through the fill port into the space between the mold 
elements, a vacuum is applied to the other port of the gasket. This vacuum is usea to sense when the 
space between -the molds is filled- with- resin. When the proper amount of resin has been dispensed to fill 
the space between the molds, a signal is generated to discontinue the dispensing of resin. The gasket 
assembly is then moved to an accumulator station and then placed in an oven and heat cured. 

Embodiments of the invention are further described below. These embodiments relate to the making of 
ophthalmic lenses without grinding. After curing, these lenses are trimmed to fit essentially any desired 
30 frame. The apparatus illustrated in the preferred embodiment requires minimal operator interaction and 
employs a personal computer for control of the operations of the apparatus and for information storage and 
retrival. 

The present invention further provides a gasket which can retain two molds therein in spaced apart, 
seated positions, without the need for external spring clips or similar means to apply pressure continuously 

35 during curing. Such gasket also provides suitable means whereby resin can be readily introduced into the 
cavity between molds seated therein, in a manner which readily lends itself to automation. A mold is also 
provided for use in a gasket such as the foregoing type, particularly when a prescription calls for a high 
cylinder. In such case, this mold is designed such that the useful optical surface area of a cast lens 
produced using it, is not unduly reduced by the presence of such high cylinder, and without upstanding 

40 surfaces against which shrinking resin can readily grip to hinder separation of the mold and cast lens. The 
present inventio: also provides a form assembly apparatus which avoids tedious and often messy, manual 
assembly of the gasket and molds, and which can automatically and accurately adjust relative angular 
rotation of the front and back molds and fill the assembled form with resin, all with minimal operator 
intervention. 

45 The gasket then, has a resilient body with two opposed open ends, preferably with an inside surface of 
substantially circular radial cross-section along its axis, and two inside annular slots, spaced apart by an 
annular, compressible inwardly expanding lip. By the Hp being ■'compressible", is meant that it is 
sufficiently compressible at the temperature at which *he resm is to be cured, so as to allow the molds to 
move toward one another under the urging force applied by the gasket boay, a sufficient distance tc 

so compensate for the resin shrinkage. Inlet and outlet conduits communicate between positions on the outside 
of the body. >and respective inlet and outlet openings in the inside surface between the slots. With the 
foregoing construction, the molds can be retained in position m their corresponding slots, and resin injected 
through one conduit and into the resulting cavity, while a;r ,s allowed to leave through the other (preferably 
assisted by a vacuum applied thereto). To facilitate automated filling of the foregoing mold, preferably the 

55 inlet and outlet conduits communicate with ,n!et and outlet ports of the outside of the body, wh.cn are 
disposed m respective, ayiaily facing ends of two radially opposed, axially extending shoulders. 

Molds wmch are preferably usea m the above gasket, are generally circular m snape with an annular 
flange. One moid m particular, .s configured tc nave a high cylinder molding surface (that is. the surface 
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which will define a surface of a spectacle lens), while maintaining a high useful molding surface area, and 
discouraging resin from adhering thereto as a result of resin shrinkage during curing. 

The form assembly apparatus has first and second mold retainers, which can releasably retain 
respective molds, as well as a gasket holder which can releasably retain a gasket therein. One of the first 
mold retainer and gasket holder (preferably the latter) is reciprocable with respect to the other when the two 
are axially aligned, such that the first mold retainer can insert the first mold retained thereon into its seated 
position in the gasket to produce a subassembly. One of the second mold retainer and a subassembly so 
produced is also reciprocable with respect to the other when they are axially aligned, such that a second 
mold retained on the second mold retainer, can be inserted into its seated position in the gasket to produce 
the assembled form. A carriage is connected in order to align the first mold retainer with the second gasket 
molder, and align the subassembly so produced with a second molder retainer. 

Preferably the apparatus additionally comprises an indexer which can establish an initial relative 
rotational angle of the molds, and rotate one w.th respect to the other to adjust such angle prior to 
complete assembly of the form. Further preferably, the apparatus includes a form filling station at which the 
assembled form can be filled with resin in a manner which assists in removal of air from the form cavity 

A method of filling an assembled form, such as the type described "ibwe. is also pFoviaW which 
includes simultaneously injecting the resin at the resin injecting port, and applying a vacuum at the vacuum 
injection port, to facilitate air removal from the form. 

The present invention additionally provides a _spin coater suitable for spin c oating a spectacle lens in a 
relatively convenient, efficient manner with relalivily little operator interv ention. The spin coater uses '* 
drawer mounted within a housing, and slidable between distinct front and rear chambers thereof The 
drawer carries at least one, and preferably a plurality, of spin coater chucks of the present invention 
rotatably mounted thereon. This arrangement allows molds to be seated on the chucks when the drawer is 
in the front position, and spin coated, and allows them to be exposed to actinic light when the drawer is in 
the rear position. In order -to. control the exposure- time of molds to the actinic light, while avoiding on/off 
cycling the actinic light source each time the drawer is moved between the front and rear position, a shutter 
is disposed between the actinic light fixture and the rear position of the drawer. The shutter is preferably 
operated by slidable movement of the drawer. 

The spin coater chuck of the present invention is arranged to center the mold within a seat on the 
chuck defined by a ledge and adjacent lip, thus obviating the need for inaccurate centering by eye. Of 
course, although the moid is disposed centrally on the seat, this does not necessarily mean that the mold is 
centered about an axis of rotation of a chuck, although this will typically be the case, as in some cases it 
may be desirable to spin coat the mold by spinning it in an off-centered position about an axis of rotation of 
the chuck. To retail the mold in the seated position on the chuck, a lengthwise resilient vacuum conduit 
preferably m the form of a bellows, is provided. This conduit has an open end which can sealingiy engage 
against a seated spectacle lens molds and urge it toward the ledge so a to inhibit unseating of the mold 
during spinning the chuck. This resilient conduit is preferably in the form of a bellows. 

The present invention also provides a method for preparing a spectacle lens having a first surface 
typically the front surface, with a coating which is relatively highly abrasion resistent, and a seconcUsortace 
which also has a abras.on resistent coating but w.th a degree of abrasion resistance substantialize!! San 
that of the first surface, such that the second surface remains "tintable" while the first surface is hortfy the 
word "tintable" used throughout this appi.cat.on in reference to a lens coating, is meant that the coating can 
be tinted by exposure to an aqueous solution containing 5% {by weight) in total of one or more azo 
anthraqumone water soluble pigments such that the solution will produce a red, green, blue or grey tint in 
combination with 0.2% (by weight) of a surfactant, for ten m.nutes at 2C0 F, such that there is at least a 
decrease of 5% in total visible light transmission through the coated lens. 

The coated lens is produced by the method of the present invention in such a manner that both front 
ana back coatings have a high degree of adhesion to the lens. This preferably is accomplished by using 
coating compositions w.th different "solids" content (i.e.. the concentration of the polymenzeable compound 
.n the composition is different) for the front and back molds, and only partially polymerizing the coatings 
Tne coatings are polymerized sufficiently such that they do not dissolve in lens resin while the resin is 
be.ng cured, but not overly polymerized, such that the coatings can be partially absorbed on the resin and 
cross-linked therew.th, during res.n curing. Over polymerization would result in poor adhesion of the final 
coating (that is. after post-curing step) to the cured lens res.n. By "poor adhesion" ,s meant the resulting 
coating would have an adhesion of less than or equal to Class 1B as determined by American Society of 
Testing Materials ("ATSM") adhesion tape test D 3359-83. Method B. Resin is then introduced to the form 
and cured, followed by separation of the resulting lens from the form, additional polymerization of the 
ccatings. and by tinting if desired 
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A spectacle lens produced by such a method is also disclosed. The coatings of such a lens will be 
"partially absorbed" on the cured lens resin and cross-linked therewith, unlike coatings which may be 
applied after the lens resin has cured and would typically only be absorbed on the surface of such cured 
lens resin. 



BRIEF DESCRIPTION OF THE DRAWINGS 



10 The drawings, wherein like numerals indicate like parts, depicts this invention, in which: 
FIG. i is a perspective view of the lens casting apparatus of this invention. 

FIG. 2 is a plan view, with sections broken away, of the mold package with a mold contained therein. 
FIG. 3 is a cross-sectional view taken along line 3-3 of Fig. 2. 
FIG. 4 is a perspective view of the mold coater. 
T5 5 is a perspective view of a disposable tray used with the hold coater. 

FIG. 6 is a perspective vfew showing a mold being placed on the vacuum chuck of the mold coater. 
FIG. 7 is a cross-sectional view taken along line 7-7 of Fig. 9. 

FIG. 8 is a side elevational view of the tray shown in Rg. 5, with sections broken away. 
FIG. 9 is a cross-sectional view showing the tray placed in the mold coater. 
20 F 'G- 10 is a cross-sectional view of an unloaded gasket used to hold molds. 

FIG. 11 is a cross-sectional view showing the gasket of Fig. 10 loaded with both the front and back 

molds. 

FIG. 12 is a perspective view of the mold assembly and alignment fixture. 
FIG. 13 is a perspective view of the resin dispenser head. 
25 F, G- 14 is a perspective view of the restn storage and dispensing unit. 

FIG. 15 is a side elevational view, partially in section, showing a canister used to hold resin. 

FIG. 16 is a perspective view of the canisters in position and the resin storage and dispensing unit. 

FIG. 17 is a process flow diagram. 

Rgure 2A is a perspective, exploded view showing a gasket of the present invention with two mating 
30 molds ready for insertion and subsequent seating therein; 

Rgure 3A is a cross-section through the gasket of Rgure 2A, prior to seating of the molds; 

Rgure 4A is a view similar to Figure 3A. except with the molds seated therein; 

Rgure 4AA is for enlarged cross-section of a portion of the gasket of Figures 3A and 4A; 

Figure 5A is a plan view of a back mold of the present invention; 
35 Rgure 6A is a cross-section along the line 6-6 of Rgure 5A; 

Rgure 7A is a cross-section along the line 7-7 of Figure 6A; 

Figures 7AA. 7AB and 7AC are views similar to Figures 6A. 6A and 7A, respectively, except of a 
lenticular back mold of the present invention; 

Figure 8A is a perspective view of a spectacle lens form assembly apparatus of the present 
40 invention; 

Figures 9A and 10A are cross-sections along the line 9-9 of Figure 8A, showing the components in 
different operative position; 

Figures 11A-12A are cross-sections along the line 11-11 of Figure 8A, showing components of the 
apparatus in different operative positions; 
45 Figure 13A is another cross-section showing comoonents of the acoaratus m afferent operative 

positions; 

Figure 14A is an elevation view of a portion of the apparatus o F gure 8A. 
Figure 15A is a cross-section of a portion of Figure 14A. 
Figure 16A is a plan view of a portion of the apparatus of Fig-jr- ~A; 
50 Figure 17A is a cross-section of the view of Figure 16A: and 

Figure 18A is a view similar to Figure 17A showing components of the apparatus in different 
operative positions. 

FIG 1B is a persDect.ve view of a spectacle lens assembly workstation wn, C h utilizes components of 
the present invention as integral parts thereof; 
55 FIG 26 lS a Perspective, partially cut away v.ew of a spin ccater of the present invention viewed 

toward a front thereof, with a drawer of the spin coater being m a front position 

FIG.3B is a v,ew sinn,lar tc FIG 2E. cut viewed toward a rear of t^e so.n coater showma. the 
drawing in a rear position; 
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FIG. 4B is a cross-section of the spin coater showing the drawer in the front position; 

FIG. 5B is a view similar to FIG. 4B, but showing the drawer in the rear position; 

FIG. 6B is a cross-section of a portion of the drawer of the spin coater, showing two spin coater 
chucks of the present invention, both with and without a spectacle lens mold seated thereon; 
5 FIG. 7B is a cross-section along the lines 7-7 of FIG. 6B; 

FIG. 8B is a perspective view of a spin coater chuck of the type shown in FIG. 6B, with a spectacle 
lens mold in position for mounting thereon; 

FIG. 9B is a view similar to FIG. 7B but showing a spectacle lens seated on the spin coater chuck; 

and 

w FIG. 1 0B is a perspective view of a gasket and two molds in position to be assembled into a lens 

form, used to make a lens of the present invention; 

FIG. 11 B is a cross-section through a form assembled from the gasket and molds shown in FIG. 10B; 

FIG. 12B is a cross-section through a lens of the present invention as produced from the form shown 
in FIG. 10B; and 

75 FIG. 13B is a diagrammatic view of an apparatus which is not itself part of the present invention, but 

was used to ascertain the abrasion resistance ratings of coated spectacle lens of the present invention. 



20 DESCRIPTION OF EMBODIMENTS OF THE INVENTION 



General Description 
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As illustrated in Fig. 1, the lens casting apparatus 1_Q of this invention includes a mold storage unit 12, a 
?#> w u»xi% mold coater 14, an array of racks... 16 for holding different size gaskets, a work bench 18, and a processing 

oi c g nter „ 20 deluding a mold assembly and alignment fixture 22. a resin storage and dispensing unit 24, and 

a dual chamber oven 26. The lens casting apparatus 10 is compact requiring only approximately 44 square 
30 feet of floor space. Thus it can fit conveniently within a room having dimensions of 10 feet in width and 10 
feet in depth. 

The various components of this apparatus are positioned with respect to one another so that the 
operator can conveniently retrieve molds 12 from the storage unit 28. place these molds in the coater 14, 
retrieve the desired gasket from one o f the racks 16. place the gasket 30 and molds in the mold assembly 
35 and alignment fixture 22. and then retrieve the filled assembly of gaskets and molds, and place them in the 
ovens 26. The mold coater 14 sits on top of the mold storage unit 12 for ease of access and the work 
bench 18. being between tne mold storage unit 12 and processing center 20. provides a convenient place 
for the operator to disassemble the assembly of gasket and molds. A computer 32 is mounted on the side 
>QLi!]gjnQll-MPIgSg _unit 12 and the control ^center for the computer is loca te d above the work bench 18, 
yJtc 40 Permitting the operator to make necessary entries or observe the screen of the monitor 34 of the computer 

***** for instructions or other information. The apparatus 10. preferably, has a generally L-shape configuration 

with the workbench 18. mold storage unit 12. and mold coater 14 along one leg of the L and the processing 
center 20 along the other leg of the L. In general the operator will be standing in front of the work bench 18 
and will reach to one side to remove a mold 28 from the delivery station 36' of the mold storage unit 12 and 
45 take this mold and place it in the mold coater 14. With the mold 28 in the mold coater 14 a release agent is 
applied to the mold's ophthalmic surface, for example, by simply using a plastic bottle to squeeze a small 
amount of release agent onto the ophthalmic surface and then allowed to harden. The coated pair of molds 
are then placed by the operator into the mold assembly and alignment fixture 22 along with the gasket 30 
for 'he prescription being processed. The mold assembly and alignment fixture 22 then assembles and 
5& orientates the molds within a selected gasket which is then moved to the dispensing head 28 (Fig. 13) of 
the resin storage and dispensing unit where the correct amount of resin is injected into the space 40 (Fig. 
11) between the molds 28. The assembly of gasket 30 and molds 28. with the resin, is then delivered to an 
accumulator station 42 in the processing center 20. The operator removes the filled assembly of gasket 30 
and molds 28 from the accumulator station 42 and places it tn one of the oven chambers 26a or 26b. After 
55 curing overnight, the operator removes the filled and cured assembly from an oven, disassembles the 
assembly discarding the used gasket 30. and returns the molds to the mold storage unit 12 
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II. Mold Storage Unit 



10 



As best illustrated in Figs. 1, 2 and 3. the mold storage unit 12 includes a box-like housing which holds 
approximately 600 different molds. The mold storage unit 12 is a modification of a semi-automatic printed 
circuit board assembly system sold by Royonic Corporation of West Germany. This system employes an 
endless belt (not shown) carrying parallel rods 46 (Figs. 2 and 3) on which are mounted boxes that have the 
ability to tilt about the rod similar to the seat of a ferris wheel. In place of the conventional voxes. a special 
mold package 48 is mounted on the rod containing either a front or a back moid 28. Each mold package 48 
has a lid 50 which is slidable outwardly and carries on it the mold 28. The mold 28 is seated and held in 
position by individual tabs 52 carried on the lid 50. Thus, the operator will pull the lid 50 outwardly which 
presents the mold 28 to the operator. Each mojd 28 carries on it a marking, such as a bar code 54, which 
identifies and distinguishes this mold 28 from all other molds contained in the mold storage unit 12. If a , 
mold 28 is damaged and needs to be replaced, the replacement mold is delivered wtthin the mold package 
48 which is then inserted by simply slipping the package over the rod 46. 
'5 The delivery station includes a series of aligned compartments or mold docks 56 and there is a light 58 
above each individual dock. As will be explained in greater detail below, one of these lights 58 is turned on 
to indicate to the operator which mold 28 is to be utilized in processing the prescription being filled by the 
apparatus 10. 

20 

III. Mold Coater 

As best illustrated in Figs. 4 through 9, the mold coater 14 includes a chamber 60 having a forward 
section 62 and a rear section 64. A carriage 66 is mounted in the forward section 62 and adapted to move 

25 reciprocally between the forward and rear sections. A wall 68 extends between the two sections 62 and 64, 
but its lower end is raised above the carriage 66 to permit the carriage to move under this wall as it moves 
between the forward and rear sections. The carriage 66 has a floor 70 having four rotatable vacuum chucks 
72, 73, 74 and 75 mounted in the floor 70 in each quandrant of the floor. Surrounding each of these chucks 
are a series of holes 76 which allow air to be drawn through the floor. 

30 Each chuck 72-75 includes a spindle 78 mounted on a shaft 80 for rotation: The shaft 80 is hollow and 
is connected to a vacuum source. Each chuck 72-75 has a recess 82 therein which receives a suction cup 
84 comprising a rubber accordian-like structure. This suction cup 84 is an alignment with the hollow shaft 
and the spindle 78 has an annular offset ledge 86 at the mouth of the chuck which receives a_mold 28 * 
placed on a chuck. The mold 28 is seated so that the non-ophthalmic surface of the mold abuts the suction 

35 cup 84. A removable tray 88 ts placed on the carriage 66 and over the spindles 78 of the chuck. The tray 
88 has four sections 90, 91. 92 and 93 in it which are indented and include hollow, ra!sed, centrally 
positioned, cone-like structures 92. The individual spindles 78 extend through these cone-like structures 92. 
The tray 88 is designed to collect any excess release material applied to the ophthalmic surface of the 
molds 28. Each of these cone-like structures 92 has a series of vents 94 in the sidewall thereof which 

40 permits air to be drawn through the vent in the cone structure and downwardly through the holes 76 in the 
floor 70. Thus, any vapors generated are sucked downwardly through the floor of the mold coater 14 and 
exhausted. 

In the forward section 62 of the mold coater 14 located above the chucks 72-75 in the top of the coater 
are four tnfrared heating lamps 96 which are turned on after the release material has t?een applied to the ^ ! ' : ' f « 

45 ophthalmic surface of the mold 28. These lames 96 are maintained on a sufficient period cf time to dry the 
release material. The rear section 64 includes an ultraviolet light 98 which is mounted m the top of the 
coater. The wall 68 separating the two sections, and all the walls of the rear section, are opaaue. so that the 
ultraviolet light is not transmitted beyond the second section 64 This protects tr e operator form unnec- 
essary exposure to ultraviolet radiation. 

sc When the moles have been coated and dried in the forward section 62. the anve mechanism (not 

shown) of the carnage 66 .s actuated tc move it from the forward section, underneath the divider wall 68. 
into the rear section 64. The carnage 66 remains m the rear section 64 a sufficient period of time to allow 
the ultr aviolet light, turned cr. u^njrgyement cMhe ca rnage into th is_ section, to partially cure the release 
jnalenal. When this curing is accomplished: ~wh.cn "usLaHy takeY'T^Tmore than abouTtS seToTTdTlhe ^ 

55 carnage 66 is returned to the forward section 62 The molds 28, are then removed from the 'coward section " ^ 
62 and placed m the processing center 20 Two molds 28 and one gasket 30 are assembled in the 
processing center 20 before a seccna pair of molds ana gasket are placed in the processing center Four 
molds 28 are coated for each c-rescnption of spectacles, two molds for each lens of the spectacles 
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IV. Molds 



As best shown in Fig. 6 the molds 28 used in the lens casting apparatus have a generally dish-like 
conf.gurat.on with a central body 100 with a surface having a curvature in accordance with an ophthalmic 
prescription and a generally flat rim 102 surrounding this surface. Although glass molds may be used as 
shown in Fig. 11, preferably the molds 28 are formed by an electroforming process wherein a metal base is 
coated through an ion exchange process with a metal that is applied uniformly over the ophthalmic surface 
to give it a smooth, high gloss finish. These molds 28 may be single vision or multifocal. Two molds are 
employed, one for the front surlace and one for the back of the lens be.ng formed. The front surface will 
include any multifocal element. Each mold has an optical center with the orientation axis passing through 
this center and generally at a right angle to the plane of the mold as defined by the rim 102. 

In accordance with one feature of this invention, each mold has associated with it an indexing element 
, „ D t ,. MC . £UCh 35 3 Pair ° f POtCheS 104 The notches 104 are diametrically opposed and lie along a line which passes 

A,-c^ c ^ thrcugh the opt,cal center of the mo,d 28 ln ™st cases the optical center and geometric center will be 

75 identical. The notches 104 engage aligned pins (not shown) in the mold assembly and alignment fixture 22 
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V. Gaskets 



20 As shown in Figs. 10. 11 and 13, the gaskets 30 employed each include a generally annular body 
member 108 formed by injection molding of a PVC or PVA polymer. The body member 108 has a 
cylindrical wall 108a with two opposed open annular ends 110 and 112 and two protrusions 114 extending 
outwardly from the outside surface of the wall 108a. These protrusions 114 have a face section 116 which 
lies generally in the same plane as the open end 110. Each of these protrusions 114 are diametrically 

25 opposed to each other and each includes a channel 118 which extends between the face and an opening 
120 in an annular shoulder 122 which runs along the inside surface of the cylindrical wall 108a. This should 
122 has a flat front section 124 which is generally at 80 degrees with respect to the plane of the face 
section 116, and it is surrounded by recesses 126 and 128 which extend into the wall 108a Each of these 
annular recesses 126 and 128 has a ramp section 130 and 132. respectively, leading to the mouth of the 

30 recesses 1 26 and 1 28. 

The ramp sections 130 and 132 are adapted to deform when the mold 28 are inserted into the open 
mouths as illustrated in Fig. n. When the mold 28 passes the lip of a ramp section, the rim 102 of the 
mold is lodged m its corresponding recess and the ramp section snaps back to clamp or hold the rim 102 
firmly in its grip. Thus, when resin is injected into the channel 118 extending into the space 40 between the 
35 two molds 28 to fill the space, the molds remain stationary relative to each other. The different sizes of the 
gaskets 30 are determined by the width of the front section 124 of. the should 122, which determines the 
cistance between the two molds 28. Different prescriptions require different spacings. 



<o VI. Processing Center 

As Shown in Figs. 1, 12, 13, 14 and 16, the processing center 20 includes the mold assembly and 
ai.gnment fixture 22, the res.n storage and dispensing unit 24, the accumulator station 42. and the curing 
ovens 26. This processing center 20 with its alignment components is contained in a generally box-like 
45 housing structure. The resin storage and dispensing unit 24 includes a refrigerator 131 forming the base of 
the processing center 20. The moid assembly and alignment fixture 22 is centrally located about waist high 
/or easy access oy the operator. The ovens 26 are immediately above this fixture 22 but in easy reach of 
the operator. 



so 



A. Mold Assembly and Alignment Fixture 

The mold assembly and alignment fixture is spec.ally designed to function in the apparatus 10 and is 
described m detail m a separate U.S. patent application, incorporated herein and made part of this 
aopl.cation, and entitled. "Lens Forming Apparatus". Lyon & Lyon Docket No. 180/281 by Kache! et al 
fred the same date as thus application, and ass.gned to the same assignee as this application. 

As illustrated in Fig. 12. the mold assembly and alignment fixture 22 includes two sections 130 and 132 
The first section 130 includes a mandrel 134 driven by an air cylinder (not shown) wh.ch. when activated 
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will move in a downward direction. The gasket 30 is placed on the mandrel 134 and the front mold 28 is 
placed on a moveable shuttle 106 which moves beneath the mandrel 134. The shuttle 106 includes a 
vacuum chuck (not shown) for holding the front mold 28 in position. This vacuum chuck has pins (not 
shown) thereon which interact with the notches 104 on the mold 28 to correctly position the mold relative to 

5 the gasket 30. There are also two pins which are inserted into the channels 118 of the gasket 30 upon the 
gasket being manually placed on the mandrel 134. 

The second section 132 also includes a mandrel 136 having an air cylinder (not shown). The mandrel 
136 has a vacuum chuck (not shown) for holding a back mold. The cylinder is adapted to move the vacuum 
chuck downwardly to force the back mold into the gasket after the gasket with the front mold inserted in its 

to underside is moved by the shuttle 106 into alignment with the mandrel. Upon assembling the molds 28 and 
gasket 30, the assembly is moved to a fill pocket 139. 



B. Resin Storage and Dispensing Unit 

rs 

The resin storage and dispensing unit 24 as shown in Figs. 13. 14, 15 and 16 inciudes the refrigerator 
131 and the dispensing head 38. The refrigerator 131 has a normally closed door 138 which is locked and 
has an alarm which is activated when the temperature of the refrigerator exceeds 0 degrees Fahrenheit. 
Individual cannisters 140 containing resin are stored in the interior of the refrigerator 131 by means of a 

20 rack 142 which has holes 144 therein corresponding to the diameter of the cannisters. The cannisters 140 
bear a label 141 carrying a bar code which is scanned prior to loading to check against using resin which is 
unsuitable. The cannisters 140 are dropped into these individual holes 144 with the upper lip section 146 of 
the cannister serving as a stop. Each cannister 140 contains resin, said resin being either clear or tinted 
with one of five different colors or shades such as pink, gray, brown, amber, and peach. 

25 The resin dispenser, as best shown in Fig. 16, includes a tray 148 mounted in the refrigerator 131 on 
tracks 150 which enable it to be pulled outwardly when the refrigerator door 138 is opened to fill the tray 
with cannisters 140 from the rack 142. This tray 148 includes a base section 152 of a generally rectangular 
configuration having two rows of three holes each therein. Extending downwardly from each of these holes 
are metal sleeve elements 154 and at the bottom of each sleeve is a sensor 160. At the end of each sleeve 

30 element is a tube 156. Each tube 156 is connected to the dispensing head 28 located adjacent the fixture 
22. There is an opening 158 in the top of the refrigerator through which these tubes 156 extend. This 
opening 158 is sealed so that the minimum of heat transfer occurs at this point. The tubes 156 are 
sufficiently long to enable the tray 148 to be moved in and out without placing unnecessary tension on the 
tubes. 

35 Individual cannisters 140 are placed in the individual sleeves 154. with a plug 162 in the cannister being 
unscrewed and the end of the tube 156 being screwed in place of the plug 162. Each cannister 140 has two 
principal components; a generally cylindrical tubular wall element' 164 terminating in a conical outlet end 
section 166 and a plunger element 168 which rests on top of the resin contained in the tubular element. 
When pressure is applied to the plunger element 168 the resin is forced out the outlet end section 166 and 

40 through a tube 156 to the dispensing head 38. 

The tray 148 includes a lid 170 hmgedly mounted to the rear of the base 152. A pair of screw-type 
connectors 172 are used to hold the lid 170 securely in place when it is closed and are unscrewed to 
permit tne lid to be opened as shown in Fig. 16. This lid 170 includes six pressure ports 174, each 
including a seal 174a, that surrounds the openings in the base section and seals these openings when the 

45 lid 170 is closed. Each pressure port has an elbow 176 extending outwardly from the top of the lid, and 
each elbow has a pressure line 178 connected to it including a valve (not shown). When the valve is 
opened, pressure is applied through the elbow and pressure port against the plunger 168 to force -esin 
from the outlet end section 166 through the tube 156 to the dispensing head 38. Thus, the apparatus 10 has 
the capability of dispensing at least six different colored resins selectively 

so As will be noted by reference to Fig. 15, the plunger e ement 168 has a ferrous metal strip 180 

embedded irt it. When the plunger element 168 is moved tc a position so that the metal strip 180 is 
adjacent to a sensor 160. tne sensor then provides a sig^ai indicated that this cannister 140 needs 
replacement. 

The dispensing head 38. as best sncwn in Fig 13. induces a disk-like plate 182 having six different 
55 tubular-type nozzles 184 extending outwardly from the bottom face of the plate. Opposite each tube and 
mounted on the other side of tne plate are six so'encid valves 166 wttn ^dividual tubes 156 connected to 
each of these vaives. When a valve 186 ts opened anc pressure is applied to the cannister 140 m 
communication with this valve through a tube 156. restn v^ii fic.v through the valve and out the nozzle 184 
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Closing the valve 186 will immediately discontinue the flow of resin from the nozzle 184. 

Centrally located and extending outward from the plate is a drive shaft 188 which is connected by a 
sprocket 190 and drive belt 192 to a motor 194 mounted to the housing. Adjacent the dispensing head 38 is 
a vacuum device 196 including a nozzle 198 connected to a vacuum line 200. This nozzle 198 is adapted to 

s fit into the channel 118 in the gasket 30 when the gasket is tilted to move into the resin fill position. 

As the assembly of molds 28 and gasket 30 moves from the fixture 22 it rests on a tiltable platform 202. 
Beneath this platform 202 is an air cylinder 204 which has the piston 206 of the cylinder connected to the 
base of the platform 202. The platform 202 is mounted so that it tilts from a ready position to the gasket fill 
position. When the assembly of molds 28 and gasket 30 is in the ready position it is aligned so that the two 

70 channels 11 8a and 11 8b are in registration with, respectively, the nozzle 198, and one of the nozzles 184 of 
the dispensing head 38. Depending upon which resin is to be used, the motor 194 is actuated to bring the 
desired resin nozzie 184 to the fill position. Thus when the cylinder 204 is actuated to move the platform 
202 from the ready to the fill position, both nozzles 198 and 184 will be inserted simultaneously into the 
channels 118a and 118b. The solenoid valve 186 for the resin nozzle 184 in the channel 118b is opened, 

is permitting resin to flow through the tube 156 under pressure into the space 40 between the molds 28. 
Simultaneously, vacuum is applied tc the other nozzle 198. When the resin approaches the nozzle 198 a 
pressure change occurs which is detected to provide a signal to discontinue feeding resin. As soon as the 
correct amount of resin has been dispensed, the solenoid valve 186 is again closed to discontinue the 
supply of resin and the vacuum is terminated. The platform 202 is then moved from the fill position to the 

20 ready position by drawing in the piston 206. 

A sweeper 208 is used to then move the filled assembly of molds 28 and gasket 30 from the platform 
202 to the accumulator station 42. Upon being actuated the sweeper 208 strikes the assembly of molds 28 
and gasket 30 to push the assembly from the fill pocket 139 into the accumulator station 42. With the filled 
assembly in the accumulator station 42, the operator may now place this assembly in the oven 26. 

25 



C. Ovens 



As shown in Rg. 1, a double oven 26 is used so that both large and small batches of lenses may be 
processed within a 24 hour period. This double oven consists of two oven chambers 26a and 26b fi&h 

cssm^^ 

the other and are located immediately above the mold assembly and alignment fixture 22 to provide ease of 
access for the operator. E|g^Qvej|-^ 

the O" ' ~ ^™™*«W«W!,<: - * 



VII. Operation 



40 



0 ofc oc»ta- 

?CLS-C ft. t PT 



ts a standard IBM type p ersonal computer employing an 8086 microprocessor chip . The control functions 
are initiated by manual or automatic switching func tions pro vided by conventional sensors occurring 
throughout the operation of the apparatus 10, wt t^$gg fiS$S^ 

source code for the computer 32 is set forth in Appendix A attached to this application and incorporate^ 
herein by reference. 

Referring to Fig. 17, the description for the job order is entered into the computer (Fig. i) either through 
remote order entry , for example, at the optometrist's office , which is elec tronic ally connected to the 
computer , or by the operator using a keyboard 210 to enter the order If the job order calls for glass lenses 
or, ;f the prescription does not come within the range of molds contained within the mold storage unit 12, 
theTcomputer 32 prevents further operation of thejipparatus 10. and displays on the monitor 34 that this job 
orde*' must be sent to an outside laboratory. Next, the computer verifies that the prescription can be 
processed by the apparatus, and checks to see that it is, for example, a bifocal of the flat top 28 category 
or a single vision lense, that the pupillary distance in frame geometry corresponds with the mold capability 
of the apparatus 10. that the sphere, cylinder, and add are also within the capability of the apparatus^ any 
jof these parameters of the prescription cannot be satisfied by the apparatus 10, the computer 32 "will refect 
the prescription and provide a visual indication on the monitor 34 that this prescription must be filled by an 
outside laboratory Certain aspects of the prescription may not have been correctly entered, such as the 
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sphere being divisible by .25 or the add not being divisible by .25. If such an operator error m entering the 
prescription occurred, the apparatus 10 is equipped with an alarm such as a beeper which will be turned on 
to provide an audio signal that the prescription entry needs correction. There is also provided a display of 
this condition on the mon.tor 34, enabling the operator to manually make the correct entry for the sphere 
5 cylinder, or add by entering the correct information through the use of the keyboard 210 With the 
prescription data properly entered into the computer 32, it will obtain from its memory the necessary 
component numbers from an internal component selection file and also obtain information on available 
molds and locations of these molds in the storage unit from a mold master file within the memory of the 
computer. y 

w In the flow chart, the right lens is illustrated as being processed first. The computer 32 checks to see 
that both a back mold 28 and a front mold 28 are available to make the right lens. If these molds are not 

. available, it may be possible to fill the prescription using alternate molds for wh,ch the computer checks If 
the alternate molds are unavailable, the computer 32 indicates that this prescription w.ll have to be filled at 
a later time when the molds are available. This could occur if several prescriptions were being filled all on 

75 the same day using all of the available molds for that day's run. This will require that some prescriptions be 
filled the following day. The computer 32 then repeats the same process for the left lens. 

Assuming that the necessary molds 28 are available to fill both the right and left lens for the 
prescription being processed, the mold master internal file of the computer 32 is then updated indicating 
what molds have been allocated to fill the particular prescription being processed. Next the computer 32 will 

20 write in its memory a job bath record to identify which molds are being used to fill the prescription be.nq . - , 
processed. Optionally, at this point a job ticket 212 (Fig. 1) , s pnnted out by a printer 214. This job ticket ^ZZT 
212 w.ll be used to identify this specific prescription and the job ticket 212 will be placed in the work tray 
(not shown) which will hold the finished lenses and be carried to the section of the optometrist's laboratory 
to trim the edges of the lenses and place them in frames. 

?5 It is contemplated that all the prescriptions for a given day will be processed at the same time for 
example, at the end of the day. These prescriptions w.ll have been inputted either periodically throughout 
the day or at the end of the day. The computer 32 will remain in the prescription processing mode until the 
operator gives a manual input s.gnal to the computer that no more prescriptions will be processed that day^ 
At this point the operator will begin manufacture of lenses, individual jote; orders w 

« prov.des is a signal to start the mold coater 14. Upon receipt of this s.gnal. the computer 32 turns on a fail c 0 *r**>t. ■ & ) 
lamp 216 (Fig. 4) to indicate to the operator that the mold coater 14 is being checked to see that it is ready ^ ■< , 

for operation. The operator does not place any molds 28 in the coater 14 until it has been checked out to 
see that it is operational. First there is a sensor (not shown) in the coater 14 which provides a s.gnal 
indicating the carriage 66 is in the forward position. This is verified by the computer 32 through a timing 

o subroutine which requires that the signal be received indicating that the carriage is in the forward position 
within a certain period of time. Otherw.se, an aud.o signal is activated providing a continuous beep 
indicating that the carnage 66 is not in the forward position. With the carnage 66 in the forward position the 
ultraviolet lamp 98 is act.vated This is accomplished by turning the ultraviolet lamp 98 on for 5 second 
intervals five times at a h,gh ^citage level. When this is completed, the lamp 98 is turned on continuously at 

s the h.gh voltage level A sensor ,s provided in the power input to the lamp 98 wh.ch md.cates a voltage 
^drop , signalling t ha nhe lamp 98 is d rawmg^urr^a is operational. If the lamp 98 fails.lTaudio sigFSli is 
turned on and the monitor 34 displays instructions that the lamp must be replaced. The operator win 
replace the defective lamp and then provide a manual input signal to the computer 32. wh.ch then recycles 
the test to see that the ultraviolet lamp 98 .s operational. When this lamp 98 has been checked out anc 

o determined operational the rvgh voltage is turned off. 

The next important verification that is conducted by the computer 32 is to determine that vacuum .c 
applied to the various chucks of trie moid coater 14 and vacuum hnes ,n the processing center 20 Th,c 
vacuum is sensed by sensors in the vacuum chucks in the coater 14 and vacuum heads of the processing 
center m the mold and gasket assembly f.xture 22 and resin storage ana dispensing unit 24 A similar 

5 verification is conducted for pressure 

If for any reason either pressure or vacuum is not present as reauired. an audio signal m the form of a 
continuous Deep is activated and a display is oeo.cted cn the screen of the monitor 34 The mon.tor 34 will 
indicate tc the operator where the orcde^ occurs and the operator w:li now oe reauired to fix the defect 
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When this has been accomplished, the operator will signal the computer 32 through the keyboard 210 that 
the pressure or vacuum is corrected. The computer 32 then recycles through the verification program to 
again check that the correct pressure and vacuum are present in the apparatus 10 at the stations where 
needed. The audio signal in the form of a continuous beep for a predetermined time will indicate to the 
s operator that all is well. 

The computer 32 now reads the job record file to determine what front mold 28 and back mold 28 
should be use. what tint and gasket should be used, place into memory the I. D. number of the molds as 
^ T/]* 1 1 ^ represented by the bar code 54, and the location of the molds in the storage unit 12. The computer 32 then 

actuates the drive mechanism of the mold storage unit 12 to deliver to the delivery station 36 at the 
to appropriate dock 56 the front and back molds 28 to be used in filling the prescription for one of the lenses. 
oi£ The operator at this point removes the molds 28 from the docks 56 and scans the bar code 54 appearing 

Q ^ onjhej Tiolds usi ng a conventional bar code reader (not shown) which is connected electronically to the 

^ifc-pvo^i i nput of the computer 32. This data is verified to insure that the correct mold has been delivered. If the 
wrong mold has been delivered to a dock 56, there will be displayed on the monitor an indication of this 
75 error and an audio signal will be activated. The operator is now called upon to follow a predetermined 
reorganization procedure. This procedure is required in the event that a mold was inadvertently placed in 
the wrong storage compartment within the mold storage unit. Once the operator has performed the 
procedure to correctly reorganize the molds within the storage unit 12, the moid storage indexing procedure 
is recycled to insure that the correct mold 28 is utilized. 
20 Upon delivery the correct mold 28 to the mold delivery station 36, the LED 220 for the left back mold 
chuck is activated and a manually operated foot pedal is actuated to initiate the vacuum for the left back 
chuck. The operator now places the left back mold on the left back chuck 72. At this point the vacuum 
applied to the mold 28 is verified by a signal to the computer. If upon placement of the left back moid 28 on 
the left back chuck 72, no vacuum occurs, no signal will result and the computer will provide a visual 
25 display on the monitor 34 and turn on the audio alarm. The operator will correct this condition and again go 
through the verification process. This sometimes occurs if the operator places the mold on the wrong 
chuck. 

With the mold 28 correctly placed on the left back mold chuck, the LED 220 is turned off and the 
storage unit 12 is indexed to deliver to the delivery station 36 the left front mold. The operator will again 
30 scan this mold 28 using the bar code reader. This same process is continued for both the left front mold 
and right back mold as indicated in the process flow chart. 

With ail four mold elements property placed in the spin coater, the operator is now ready to apply the 
release coating to the ophthalmic surfaces of the molds. First, however, the mold surface is washed with 
acetone. The operator, through a push button 230, signals to the computer to start the operation of the 
35 chucks 72-75. The computer will signal the drive system for the chucks which begin to spin. The operator, 
as the chucks are spinning, applies a small amount of the liquid release agent to the surfaces of the molds. 
On the front mold the release agent is formulated to enhance scratch resistance, and on the back mold it is 
-r^Do . Ltfu formulated to enhance both mold release and tintability. _After applying this liquid, the operator agam signals 

* ■ v^*mv, the computer 3 2 through thejpush button 230 to begin jhe infrared heating cycle. At this~ point the computer 
uo-'-i 'to 40 32 turns o n theJnjrar eH lamps 96. The time is monitored bVlne^oTnp'uTer 32 and, uoon eltipTration'of the 
r 1 e * predetermined time, the infrared lamps 96 are turned off. The purpose of the infrared lamps 96 is to remove 

the volatiles from the scratch resistant coating so that it forms a uniform, relatively dry, film covering the 
ophthalmic surface of the molds 28. This film is then cured with ultraviolet radiation to cross link the 
molecules. The time of UV curing is such that only partial cross linking is achieved. 
4 P At th ' S Stage in the °P eration - the computer 32 moves to the next sequence on expiration of the time 
H cycle for the infrared tamps, signalling the drive system for the carnage 66 to move the carriage from the 
^ forward position into the ultra violet light section 64 of the mold coater 14. A sensor is provided to indicate 
Jll t0 the computer 32 when the carriage 66 is in section 64. If the carriage 66 fails to move to the rear 
jr.; position, the computer 32 will display on the screen of the monitor 34 that an abort condition exists and the 
A so'." audio alarm will be activated and the apparatus 10 will be stopped. Assuming that the carriage 66 has been 

/ moved into the ultraviolet section 64 as indicated by the sensor, the chucks continue to rotate at 
approximately thirty revolutions per minute for a predetermined time. The computer activates an internal 
j^locj^jtm^ ^j™? cycle i s^qmpleted ~fhT ultrTvTbTet Tghi 98 

is checked to verify it is operational, if the ultraviolet light 98 is inoperable, this'condition is displayed on the 
55 monitor 34, the audio alarm is activated and the apparatus 10 is stopped Assuming that the light 98 is 
functional, after the time period expires, the light 98 is turned off and the rotation of the chucks 72-75 is 
discontinued. The carriage drive is now signalled by the computer 32 to return the carnage 6 to the forward 
position and a sensor checks that this condition has occurred. If for some reason the carriage 66 fails to 
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35 



return to the forward position, the audio alarm is activated, a display is presented on the monitor 34, and the 
apparatus 10 is stopped. At this point a process famp 224 is turned off. indicating to the operator that the 

coating on the molds has been properly cured. . . 

The computer j2 now checks the resin level in each individual cannister 140 to see that resin is 
available. If there is an adequate supply of resin to fill the mold and gasket assembly being processed, the 
audio alarm is activated and a display is presented on the monitor 34. If this condition is present.' the ?.»*^tt- ( 
operator will restock the resin dispensing unit 24 in accordance with a preset procedure and the resin OPL?-*~"*t* 
verification cycle will be repeated An audio signal such as a short sequence of three beeps will be activated ^ P * 
by the computer indicating to the operator that the inappropriate quantities of resin are available The D ~ G 
computer now activates the LED 226 (Fig. 1) over the stack of gaskets 30 corresponding to the correct ^ 
gasket to be used to process the lens being made. The operator will manually remove the gasket from the 
correct rack 16 and scan this gasket with the bar code reader. Upon scanning, the data is inputted to the 
computer which verifies that the correct gasket has been selected corresponding to the job record being 
processed. If the operator has selected the wrong gasket 30. the monitor 34 will display a visual signal to 
the operator and the audio alarm will be activated. This indicates to the operator that he must replace the 
reselect the proper gasket. Assuming the correct gasket has been selected, the gasket indicator LED 226 is 
turned off and there is a record created in the internal memory of the computer. This record is used to 
monitor the supply of gaskets available, allowing automatic reorder entry when additional gaskets have to 
be supplied. 

The operator now places the gasket 30 onto the mandrel 134 of the mold assembly and alignment 
fixture 22. There is a sensor which indicates to the computer 32 that the gasket 30 is in place. If this 
condition is not present, again the audio alarm is activated and a visual signal is displayed on the monitor 
34 indicating to the operator to replace the gasket 30 or remount it correctly. With the gasket in place, the 
computer 32 turns on the vacuum chuck of the shuttle 106. The computer 32 at this points turns on the LED 
228 (Rg. 4) of the mold coater 14 indicating to the operator-that this mold can now be removed and placed 
on the vacuum chuck of the mandrel- 13& The computer 32 verifies through a sensor signal from the mold 
coater 14 that vacuum is applied to all four vacuum chucks. This will proviee a signal upon removal of the 
right front mold that there is vacuum on the chuck for the right front mold. If this condition is not present. ^ A 
there will be a display on the monitor and the audio alarm will be activated, indicating to the operator to 
follow a corrective procedure. Assuming that this condition prevails, i.e., that vacuum is applied to all four 
chucks and only the right front mold chuck is not pulling a vacuum because the right front mold has been 
removed. With this condition prevailing vacuum for the mold coater is turned off and the right front mold 
LED 232 of the mold coater 14 is turned off. When the operator places the mold on the first station of the 
mold assembly unit, the operator depressed the foot pedal 222 to engage the vacuum to hold the mold in 
position. If vacuum is not present, the audio alarm and the visual display appears on the monitor c\ the 
computer. If this condition is present, the operator will follow a corrective procedures to make certain that 
vacuum is established in the first station. 

The computer at this point turns on the LED for the right back mold indicating to the operator that this 
mold should be removed and placed in the station of the mold assembly fixture. The operator removes the 
right back mold, placing it on the vacuum chuck of the mandrel 136 and activates the vacuum to hold the 
right back mold in position by depressing the foot pedal 222. Again the computer 32 verifies that the right 
back mold has been removed by checking the sensors on the vacuum chucks in the mold coater. At this 
point in the operation, the right front and right back mold chucks will not be pulling vacuum and the left 
front and left backs will. If this condition dees not prevail, the audio alarm ;s activated and a visual signal is 
displayed on the monitor indicating to the operator to take corrective action. Assuming that the apparatus is 
operative, the right back mold LED 232 of the mold coater 14 is turned off If the vacuum is not present as 
indicated by the sensors at this unit, the audio alarm is activated and a display on the monitor 34 occurs 
indicating to the operator to take corrective action. 

The computer now verifies that the mandrels 134 and 136 are ben ..- the heme position, in other words, 
the gasket is on the mandrel 134 situated above the right front mold ana the right back mold is held by the 
vacuum chuck of the mandrel 136 in a raised condition. If this condition at both mandrels 1 34 and 136 does 
not prevail, as indicated by the sensors, the computer will retract the mandrels at both stations to home 
position and the comouter will recheck and verify this condition. An interlock, system is afso verified to make 
sure that no unwanted objects are oresent which would interfere with the assemc'y of the molds or the 
operator. With the interlock verification checked and the interlock system released, the right front mold is 
inserted into the gasked 30 by the comouter activating the drive cylinder for the mandrel tc force the right 
front moid mtc the bottom opening of the gasket 30 held on mandrel 134 if f 0 r any reason the interlock is 
moDerable the audio alarm is activated, a display occurs on the monitor 34 and the apparatus 10 
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operations are stopped until the problem is corrected and the operator notifies the computer 32 by input 
through the keyboard 210. The computer 32 will then reverify that the mandrels 134 and 136 are in the 
home position. 

The timer is activated when the front mold 28 is inserted into the gasket 30. At the end of the time 
5 cycle the mandrel is retracted, raising it to the position shown in Fig. 12. The computer 32 verifies that the 
mandrel 134 has been moved to the home position and if not, the cycle is repeated. 

u P° n successful return of the mandrel 134 to the home position, the shuttle 106 is activated by the 
computer 32 turning on its drive motor (not shown) to move the shuttle to the second position, bringing the 
assembly of the right front mold and gasket 30 to beneath the mandrel 136 immediately below the right 
w back mold which is held by vacuum above the gasket 30. A sensor verifies that the shuttle 106 has been 
moved to the second position. Failure to sense this condition will cause the computer 32 to recycle the 
operation. 

At this point the computer will actuate the rotary drive for the second mandrel 136 to set the axis 
alignment of the right back mold. A sensor checks for verification of proper alignment and, if this condition 
C or-r^tfu 75 ,s not Present, the axis alignment cycle will be repeated. With the axis alignment set. the drive cylinder (not 
koti ^c~*er^ £hown) for tne man <* r el 136 is activated by opening a valve automatically under solenoid control by the 
com P uter 32 "^'s wi(l cause the mandrel to move downwardly, forcing the right back mold into the open 
upper mouth of the gasket 30. A time cycle is activated at this point which upon expiration of the time 
cycle, will turn off the vacuum of the mandrel 136, releasing the front mold from the vacuum chuck. The 
20 mandrel 136 is retracted and this condition is verified by sensor which signals the computer. If this 
condition does not prevail, the cycle is repeated. 

Upon successful assembly of the front and back molds in the gasket 30, the shuttle 106 is moved by its 
drive motor being activated by the computer 32 to return it to the home position beneath the mandrel 134. 
r»r**»w UP ° n verification that tne snuttle 106 has Deen returned to the home position, the mold and gasket 

+ . 25 assembl V is moved in to the fill pocket 139. If. either the shuttle 106 fails to return to the home position or 
or ft* < v #j tne assembly is improperly lodged in the fill pocket, these cycles will be repeated. With the assembly in the 

t ^ fi{l pocket, vacuum on the rear mold is released. 

The computer verifies that the sweeper 208 is in the home position using a suitable sensor to detect 
this condition. If not the sweeper retraction cylinder (not shown) is activated to set the sweeper in the 
30 correct position to enable it to sweep off said mold and gasket assembly into the accumulator station after 
the assembly is filled with resin. With the sweeper 208 in position, verification of the shuttle position is next 
confirmed to insure that the shuttle has been returned to the home position. The cycle is repeated if this 
condition does not prevail. 

Assembly of molds and gaskets is now in the fill pocket 139, with the fill channel 118b and vacuum 
35 channel 118a of the gasket being respectively aligned with the nozzle 184a of the resin dispensing head 38 
and the vacuum nozzle 196. In accordance with the prescription to be filled, the computer activates the 
drive motor 194 for indexing the dispensing head 38 to the home position. This condition is verified, and 
upon verification, the computer 32 will tndex the proper nozzle 184 to align it with the fill channel 118b. This 
nozzle 184 is then inserted into the fill channel 118b by the computer 32 activating the cylinder 204 which 
40 tilts the mold and gasket assembly upward at about a 10 degree angle. A vacuum senses this condition. If 
this condition is not sensed, the cycle is repeated. At this point the computer 32 activates a compressor 
(not shown) wnich applies pressure to the plunger 168 of the cannister 140, forcing resin through the tube 
156 and nozzle 184 into the space 40 between the molds 28. When the resin fills the space 40 between the 
molds 26, this is sensed and the computer 32 terminates the flow of resin by removing the pressure being 
45 applied to the plunger 168. The computer 32 then automatically returns the assembly to a horizontal 
position, which condition is sensed and the exhaust device 196 is terminated. The computer 32 activates 
tne drive for the sweeper 208 which pushes the filled assembly into the accumulator station 42. The 
sweeoer 208 is then retracted. This condition is sensed by a switch that indicates that the sweeper 208 has 
bee- reamed to the home position. If this condition is not verified, the sweep retraction cycle is repeated, 
so The shuttle cylinder is activated to move it to the first position which is verified. The apparatus is now in 
condition for a second lens. 



5s-.; 



^'a&S^ in the ovlrilf 

jns 26 ^€^se may 6fe. The ovens 26 subject the resin to a heat cycle which will cause solidifcation 

resia tormylaticg. Wh ?% ^ the molds and gasW 

assembly from the oven 26 ; Because the mold surfaces have been coated with a suitable release agent, the 
operator can easily disassemble the molds by twisting the gasket 30. allowing the molds 28 to pop out of 
the gasket. The gasket 30 is discarded The operator uses the wand to read the bar code on the molds and 
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places a tag on the lens with a Car code which is scanned by the wand to indicate that the job has been -r 
completed. The computer advances the conveyor of the mold storage unit 12 to bring the appropriate mold 
package 48 to the correct dock 56. The light 58 over the dock will be lit. indicating to the operator that the "° 
wanded mold should be placed in this particular container. 

Preferably, the lenses are then placed in the oven for approximately one-half hour to subject them to a 
post curing operation and then they are returned to the mold coater to be subjected to a post UV cunnq 
The lenses upon completion of this post UV curing are then placed in a j ob tray along w.th the ticket for 
tr.mm,ng and assembly in the frames. Each lens is placed in a job tray along with the printout ticket 212 
indicating the patient, prescription, and any other pertinent information associated with this particular job In 
the course of a few hours at the end of the day the operator can manufacture ten to twenty lenses which 
would be the usual number of lenses prescribed dur.ng the course of an average day. If an exceptionally 
high volume occurs, the second oven would be employed to cure these lenses. 

DETAILED DESCRIPTI ON OF PREFERRED EMBODIMENTS OF THE INVENTION 

In order to more fully appreciate the present, preferred, embodiment of the present invention a 
spectacle lens forming workstation which uses components of the present embodiments will first be 
described. This will be followed by a more detailed description of various aspects of the present 
embodiments, including a description of the method of the present invention for producing a lens coated 
with an abrasion resistant coating on front and back surfaces thereof, as well as the resulting lens. 

25 Spectacle Lens Forming Workstation £p l£ ,„ e£ ig^ 

The lens forming workstation is shown in Figure 1B. This lens forming station is arranged for operation 
withjninirnal nnftrntnr intt"*rntinn Mounted thereabove is a gasket dispenser 804 for dispensing gaskets of 
a type such as those gaskets described below. Likewise, a mold holder and dispenser 680 stores a plurality 
30 of different molds therein, any one of which can be dispensed at dispensing door 682 A counter 806 is 
provided as a working space, upon which the selected gasket and molds can be identified using scanner 
802 connected to a computer 800. The molds can be spin coated with a monomeric coatin^KfraTa 
coating wh.ch .s abrasion resistant when polymerized, in spin coater 2a, which is described in more detail 
below. A rear compartment 20a contains an actinic light source which can polymerize the monomeric 
35 coating which is spin coated on the molds. 

A spectacle lens form assembly apparatus 200a. wh,ch is described in detail below, receives both th<= v 
chosen gasket and coated molds, in a manner wh.ch ,s described in detail in that application and 
assembles them to produce form, form assembly apparatus 200a includes a form filling station which 
rece.ves a form so assembled, and fills it with premixed resin pumped from storage in a refrigerator 400 Ar '~>'— > 
The filling station is disposed in a cooled hous.ng 402, cooled by means of a fan (not shown) which ' < "* ,< " v '^ 
circulates cold atr from refrigerator 400 into housing 402. The resin dispenser mechanism within refrigerator 
400 is more fully described above. A form accumulator 338 of the form assembly apparatus 200a receives ' 
filled forms from the resin injection station. Two ovens 500 are disposed above the form assembly 
apparatus. "" 

Briefly, the operation of the overall lens forming system ,s as follows The oce-ator enters the lens 
prescription .n the computer 800 and is directed to select for each lens, a gasket and two molds suitable for 
the prescription, from gasket dispenser 804 and mold dispenser 680, respectively. The molds can be 
seated on spin coater chucks 63a of spin coater 2a. and spin coated therein if ces.red. typically with a 
a monomeric polymer.zable coating. Spin coater chucks 63a. with the molds still reta-.ea thereon are then 
5| moveo to rear chamber 20a. where they are exposed to a sj£taJ2le_d^oLa^icjNgJ]t. >n order to partially 
, r ; r^lymen^e^ating When chucks 63a are again moved to the position shown in FiguTeHTelr^TrJited 
r . molds can be removed therefrom Tne operator then positions the coated molds and gasket ,n a form 
assembly apparatus 200a. in a manner described in more detail below, wn.cn apparatus assembles thp 
form from them, fills the form with resin, and deposits filled forms on accumulator 338 
55 The operator can then removed the filled forms from accumulator 338. and place them w,th,n either of ^ 
. °ven 5 500 wh;ch are controlled tor f .,it a h lf ...^ a , yD , ca , cunnQ cyc|e wQu|d bg ^ ^ ^ C*~««k.«C 

15 hours commencing a, 105 F and ramped to increase to 145* " Follow,no cunng of the resin the form °^"S 
. can be disassembled, the gasKet typically disoosed of. and the molds returned to moia retaining ana 
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dispensing apparatus 680. If desired, the lenses may be returned to chucks 63a of spin coater 2a. which are 
then moved to rear chamber 20a in order to expose the partially polymerized coatings, to a further suitable 
dose of actinic light, and thereby completely polymerize them to a degree which provide suitable abrasion 
resistance. 

Having thus described the overall lens forming station of the present embodiment, further aspects of 
this embodiment will now be described in detail. 



Gasket 

70 

The gasket of the present invention, as best seen in Figures 2A and 3A. has a hollow, resilient body 
100a which is outwardly bowed when no molds are seated therein, as best seen in Figure 3A. Body 100a 
has opposed first and second open ends 102a, 104a, respectively, and an inside surface 105a of 
substantially circular radial cross-section throughout its axial length. Inside surface 105 though, tapers 

75 inwardly (i.e., has a decreasing diameter) from respective open ends 102a, 104a. Two annular slote 106a, 
107a are disposed on inside surface 105a, and are separated by annular, inwardly extending lip 108a, which 
is made of the same resilient material as the remainder of Gasket 100a, and as a result is compressible. 
That is, lip 108a is compressible in an axial direction, at least at the curing temperature of the resin which 
will be used to form a lens. A conduit 112a acts as a resin inlet conduit, communicating between an inlet 

20 114a and a resin injection port 1 16a disposed on axtally extending shoulder 1 11a. Another conduit 118a 
acts as an outlet conduit communicating between outlet 119a (which is diametrically opposed to inlet 114a), 
and a vacuum injection port 120a disposed on an axially extending shoulder n 7a. Inlet 114a and outlet 
119a lie on a plane perpendicular to the axis of body 100a. Both conduits 112a. 118a have port portions 
112b. 118b respectively, which are of greater diameter than interior portions 112c. 118c, and have 

25 respective tapered portions 11 2d, I18d extending between port portions and interior portions. 

Slots. 106a, 107a are dimensioned to sealingly engage against -annular flanges 122a, 128a of mating, 
first and second molds 120a. 126a, respectively, when such molds are in their respective seated positions! 
as best shown in Figure 4A. First and second molds 120a. 126a, each have a pair of diametrically opposed 
indents 123a and 129a t respectively, which extend partway into flanges 122a, 128a, for purposes of 

30 establishing relative rotational angles of molds 120a, 126a. in a manner described below. Molds 120a, 126a 
also have respective molding surfaces 124a, 130a, which correspond to the optical surfaces of the lens 
which is to be formed. In a typical case, molds 120a. 126a will define the front and back surfaces, 
respectively, of a lens formed thereby. 

Gasket 100a is used to produce a form in conjunction with mating molds 120a, 126a, simply by 

35 inserting the molds through respective open ends 102a, 104a of gasket 100a, until they are in their seated 
positions as shown in Figure 4A, with Flanges 122a, 128a sealingly engaged within slots 106a, 107a 
respectively. Such insertion is facilitated by the inwardly tapering diameter of the inside surface 105a, as 
oreviously described. Further, due to the dimensioning of slots 106a. 107a with Aspect to the dimensions of 
flanges 122a. 138a. when the molds are in their seated positions, resilient body 101a is caused to bow 

40 inward in a manner best seen in Figure 4A. Such a configuration tends to urge molds 120a. 126a in a 
direction toward one another. 

Thus, when gasket 100a is assembled with mating molds 120a. 126a, a spectacle lens form is produced 
as shown in Figure 4A, which includes a cavity 139a conforming to the shape of the lens to be formed, and 
includes a resin injection port 11 6a and diametrically opposed vacuum injection port 120a. 

45 A particularly useful back mold of the present invention, for use in the foregoing manner in conjunction 
with a front mold, «nd a gasket such as gasket 100a, will now be described. 



Eack Mold 

A back mold 140a of the present invention is shown m Figures 5A-7A. Back mold 140a is particularly 
useful where it is desired to maintain a series of molds, each with an outer annular flange of the same 
diameter, so that all uncut lenses case thereby will also have the same diameter. Back mold 140a might be 
used for example, when the uncut, finished lens ts to have a diameter of about 75 mm. the outer diameter 
of an annular flange is to be about 82 mm, and the lens prescription calls for a cylinder of 1.25 or higher. 
Annular flange 142a of back mold 140a. has diametrically opposed indents 144a therein, both the same as 
already described in connection with molds 120a, 126a in Figures 2A and 4A. However, molding surface 
146a which corresponds to the back surface of the lens to be formed, is composed of both cylindrical and 
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spherical elements, thus defining othogonal axes along the line 6-6 and 7-7, of least and greatest curvature 
respectively. As seen in Figure 7A. molding surface 146a has end portions about the axis of least curvature 
which are coplanar with flange 142a. On the other hand, surface 146a also has end portions 154a about the 
axis of greatest curvature which extend past flange 142a. 

The foregoing mold is used in the same manner as molds 126a previously described. The advantage of 
the configuration of this moid 140a, is that it can have a high cylinder even though flange diameter 142a is 
maintained constant with other spherical molds, while still maintaining the same useful area of molding 
surface 146a as such spherical molds, while at the same time does not present any vertical surfaces, as 
viewed in Figures 6A and 7A. disposed inward of flange 142a. Any such inwardly disposed vertical surfaces, 
could allow resin to grip thereagainst during the shrinking which occurs in curing, thereby increasing the 
difficulty with which the moid can be separated from such cured resin. On the other hand, resin disposed 
between wall segments 156a and end portions 154a of molding surface 146a, will tend to shrink in the 
direction of the axis of mold 140a. and hence away from wall segments 156a. Since second surface 
portions 154a are convex, such shrinking resin will not firmly grip those surface portions. 

When a back mold of the fc;egomg dimensions (approximately 75 mm molding surface diameter and 
82 mm flange outside diameter) is required, and the cylinder is to be less than 1.25. a lenticular back mold 
160a shown in Figures 7AA, 7AB, 7AC, may be used. Mold 160a is of the same construction as mold 140a 
except that end portions 154a of mold 140a, are replaced with flat sections 162a which are coplanar with 
flange 164a. The disadvantage of mold 160a is that, when a cylinder of about 1.25 or higher is required, flat 
sections 162a increase in surface area thereby reducing the useful optical surface area of a lens formed 
from a mold of the type of mold 160a. to a low proportion of the overall surface area of the lens. 



Form Assembly Apparatus 

The form assembly apparatus of the present invention, generally designated 200a in Figure 1 A, will now 
be described in detail with reference to Figures 8A-14A in particular, ft will be understood that in such 
description, the use of terms such as "lower", "upper", etc. are relative only, and are used in reference to 
the apparatus in the normal operating position. 

Form assembly apparatus 200a then, has a frame 204a and two rails 265 extending in a lengthwise 
direction of frame 204a. A carriage 266 is slidably mounted on rails 265, and is shown in solid lines in a 
home position in Figure 11 A, and in phantom lines in a forward position. Carriage 266 carries a first mold 
retainer 206a which is dimensioned to receive and releasably retain thereon, a first mold, which in this 
particular case is a front mold. To accomplish this, carriage 206a has a generally concave surface 209a with 
two diametrically opposed pins 208a in an outer, upper periphery thereof. Pins 208a serve as a portion of 
an mdexer. the remainer and function of which is described below. A resilient conduit, in the form of an 
upwardly extending bellows 210a communicates at its lower end'with an opening 214a in the lower end of 
surface 209a, and has an open upper end 212a. Opening 214a communicates with a conduit in carnage 
266, which in operation of the apparatus is connected to a vacuum source (not shown) 

A form table 240a is also carried by carriage 266. Form table 240a includes a form carrier 220a. in the 
form of an annular recess on table 240a. Form earner 220a is capable of holding an assembled form of the 
type previously described, specifically by having the gasket thereof rest within the annular recess. Carrier 
220a has an axis 221a. Form table 240a can be raised and lowered by a pneumatic cylinder 242a which 
acts as a reciprocating drive for table 240a, cylinder 242a being attached to a tilt plate 223a which in turn .s 
p.votally mounted on arms 225a of carnage 266. Pin 226a. and pin and slot combination 228a, allow tilt 
plate and hence, form table 240a. to be tillable in a forward direction (that is generally to the right as shown 
in Figure 8A). To accomplish this tilting, a tilt actuator in the form of a pneumatic cylinder 244a is mounted 
on carriage 266. with a connecting rod 246a of cylinder 266 being p.votally connected to a base 243a of 
cylinder 242a. When rod 246a is pulled inwardly by cylinder 244a. it pulls base 243a. thereby causing tut 
plate 223a and form table 240a to tilt in the forward direction. 

Form table 240a further carries two guides 248a, which are soring loaded to normally extend as shown 
m Figure 8A. but can be urged to the left as viewed in that Figure, tc a retracted position Each guide 248a 
has two siooing shoulders 249a. which intersect the annular recess of form earner 220a. when Guides 248a 
are in the refactec oositicn An actuator car 339 can be pushed by a pneumatic cylinder <no"t shown) to 
abut and push gu.des 248a to the" retracted Dos.ticr when ca-age 256 .s m the forward position shown in 
broken lines in Figure 8A 

A sweec arm 262 .s SMaabiy mounted on a guide 255. extending from a umiter block 258 m turn 
mounted cr ca-nage 265. guide 255 ha-.rg a spring 25' the-ecn adjacent Dicck 253 S^eep arm 262 is 
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also pivotally mounted upon guide 255 at pivot point 261, and can be pivoted in a forward direction from the 
home position shown in Figure 8A, to a position forward thereof and over at least one portion of form carrier 
220a. The foregoing arrangement is such that when arm 262 is pushed by a pneumatic cylinder 264, arm 
262 will first slide on guide 255 over table 240a until it reaches limiter block 258. At that point arm 262, 

5 under further urging of cylinder 264, will pivot in a forward direction about pivot point 261 . 

A gasket holder 272, having an axis 278, is mounted on frame 204a by way of a head plate 280 and 
two reciprocal guides 282 (only one of which is shown in Figure 8A). A cylinder (not shown) is also 
connected to head plate 280 in a manner similar to guides 282 in order to act as a reciprocating drive which 
can reciprocate gasket holder 272 with respect to first mold retainer 206a, when axes 207a and 278 are 

io aligned as shown in the solid line positions in Figure. r\$ $hwn j n Figure, 5 gft ajyj ]^ 

holder 272 is dimensioned with a torodial annular space 274 and diametrically opposed slots 276. such that 
a gasket of the type previously described, can be snugly friction -fitted within gasket holder 272. An air inlet 
281 communicates through a conduit (not shown) which extends to a position adjacent the uppermost part 
of torodial space 274, so that air may enter space 274 form inlet 281 for purposes which will later become 
75 apparent. 

A second moid retainer 286 is disposed on frame 204a in a forward direction of gasket holder 272, and 
is attached to frame 204a through plate 302 and two reciprocal guides 315 (only one of which can be seen 
in Figure 8A). Further, a pneumatic cylinder (not shown) has its housing end attached to frame 204a, and its 
piston end attached to plate 302, so as to act as a reciprocating drive which can reciprocate second mold 
20 retainer with respect to first moid retainer 206a, when an axis 288 of second mold retainer 286 is aligned 
with axis 212a of first mold retainer 206a, and can reciprocate second mold retainer 286 with respect to 
form carrier 220a when axes 288 and 221a are aligned. Second moid retainer 286 is similar in construction 
io first mold retainer 206a except that second mold retainer 286 is positioned with a downwardly facing fiat 
surface 290. and has a rubber bellows 294 which is longer than bellow 210a of first mold retainer 206a, and 
extends to a position downwardly beyond surface 290. Bellows 294 has an open lower end at 296, and an 
upper end 298 communicating with an opening (not shown) m an uppermost portion of surface 290. That 
opening, in a similar manner as opening 214a, communicates with a suitable conduit to which a vacuum can 
be applied to bellows 292. Second mold retainer 286, also has tow diametrically opposed pins 292 similar 
to pins 308. 

A collar 303 is slidably mounted on second mold retainer 286, for limited travel thereon, between an 
upper position in which an upper end 303a abuts plate 302, and a Icwer position in which a lower end 303b 
extends below surface 290. A spring (not shown) urges collar 303 to the lower position. 

A rotatable shaft 304 is rotatable in fixed increments by stepper motor 312 acting through plastic chain 
314 and sprocket 305 to rotate the second mold retainer 286 in fixed increments. Immediately disposed 
below sprocket 305 to rotate therewith, is a circular positioning plate 306 hav.ng a hole 208a therein. A 
sensor 310. typically consisting of a light emitting diode and photocell, has a slot through which plate 306 
can pass such that sensor 310 can determine the position of hole 308, so that the relative rotational angle of 
second mold retainer 286 with respect to first mold retainer 206a can be determined using sensor 301 and 
stepper motor 312. both controlled by appropriate means such as a computer. Thus, pins 208a and 292 of 
first and second mold retainer 206a. 286. respectively, in conjunction with stepper motor 312 and 
associated chain and sprocket drive, and plate 306 and sensor 310. can act as an indexer which can 
establish an initial relative rotational angle molds retained by respective mold retainers, and adjust the 
relative rotational angle to any preselected value required by a prescription. 

The apparatus also includes a form filler with a vacuum injector 320. hav.ng a vacuum injector nipple 
324 and a solenoid valve therein (not shown) which is activated electrically to turn a vacuum to nipple 324, 
or off. The form filler has a resin injection table 326, which in turn has a carousel 328 rotatably mounted 
upon frame 204a to be rotated in fixed increments by a stepper motor 335. An optical sensor 329 is used to 
ascertain the rotational position of carousel 328 in a similar manner as plate 306 and sensor 310 is used to 
ascertain the relative rotational angle of second mold retainer 286. S<x res.n dispensers 330 are mounted in 
carousel 328 (only one of which ts shown m Figure 8A for simplicity), each of which has a resin injection 
nipple 332 and an electrical soleno.d valve disposed within it to turn a flow of resin through resin dispenser 
and hence nipple 332. on or off. Vacuum injector 320 and carousel 320 (and hence all of the resin 
dispensers 330) are tilted in the forward direction of the form assembly apparatus, at an angle to the 
horizontal of about ten degrees. Resin dispensers 330 and vacuum mjector 320 are spaced such that the 
respective nipples of an mjector at a position 331 of the carousel 328. and the vacuum injector 324, are 
diametrically opposed about an axis of form table 240a when tilted. As a result, nipples 322 and 324 can 
mate with resin injection and vacuum injection ports in an assemoied form of a type already described 
when such form is seated on form table 240a and raised by solenoid 242a wh.le simultaneously being tilted 
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by rod 246a. 

Operation of the foregoing form assembly apparatus, will now be described. Such operation is 
illustrated sequentially in F.gures 9A to 15A. First, carriage 266 if not already in the home position as shown 
in solid lines in Figure 8A, is slid thereto by means of its piston drive (not shown). Then the operator places 
s a selected gasket, such as gasket 100a, into gasket holder 272, such that the gasket is frictionally retained 
in torodial space 274 and recesses 276 by friction, with its resin and vacuum injection ports 116a. 120a 
facing upwardly. A front mold such as mold 120a, is then seated on first mold retainer 206a such that its 
concave, casting suriace 124a is facing upward, with pins 208a of first mold retainer 206a extending through 
indents 123a of the first moid 120a. Since pins 208a are fixed with respect to axis 207a and indents 123a 
iq have been previously established on mold 120a at a preselected location (for example, a non axiaily 
symmetric mold such as one with a bifocal element, may have indents 123a along a line parallel with such 
bifocal element), pins 208a thereby establish a reference position of front mold 120a with respect to which 
the rotationaf angle of a back mold, such as mold 140a may be established. When the front mold 120a is 
seated upon first mold retainer 206a, upper end 212a of bellows 210a will abut its convex surface, such that 
is when a vacuum is applied to the interior of bellows 212a through opening 214a. mold 120a will be urged 
downwardly. Thus mold 120a will be firmly, and reieasably retained upon first mold retainer 206a in a 
manner shown in Figure 9A. 

At this time also, an operator would normally seat a back mold, such as back mold 140a of Figures 5A- 
7A, on second mold retainer 286. with its convex casting surface 146a being oriented downward and with 
20 indents 129a being engaged upon pins 292. In such operation a vacuum would be supplied to bellows 294 
through opening 298. to retain back mold 140a in a seated position against second mold retainer 286. in a 
similar manner as front mold 120a is retained seated on first mold retainer 206a. Bellows 296 may initially 
offer resistance to seating back mold 140a on second mold retainer 286. However, as the vacuum increases 
therethrough (typically within about one second) it will draw mold 140a onto mold retainer 286. from the 
25 position shown in broken lines in Figure 11 A, to-the position shown in solid lines therein. 

Pins 208a and 292 of the indexer, by virtue of the prepositioned indents 123a and 129a in each mold, 
automatically establish an initial relative rotational angle of the molds with respect to one another when the 
molds are seated upon their respective mold retainers. Other components of the indexer. namely stepper 
motor 312, chain 314, sprocket 305, shaft 304 and position plate 306 and sensor 310, can rotate back mold 
30 126a with respect to front mold 120a to adjust the relative rotational angle of the molds to a preselected 
value, which value is in turn determined by the particular lens prescription. Preferably, the foregoing 
operation is under control of a computer, such as computer 2a shown in Figure 1A, which known both the 
particular molds selected to prepare a lens of the desired prescription, and the initial relative rotationaJ angle 
of back mold 126a with respect to front mold 120a (since it knows the rotational positioning of second mold 
35 retainer 286 by virtue sensor 310 having previously determined the position of hold 308 on position plate 
306). Of course, if either one of the front or back molds called for by the prescription is symmetric about its 
axis, then no rotation of back mold 140a by second mold retainer 286 will be required. 

Prior to actual operation of assembly apparatus 200a, part of the lens prescription will call for either a 
clear lens, or perhaps a lens tinted with a particular color. To accomodate this resin type requirement of the 
40 prescription, carousel 328 will be rotated by stepper motor 335 if required, in order to position the resin 
dispenser 330 connected to the appropriate resin supply, in position of the one resin dispenser 330 shown 
in Figure 8A. At this point, form assembly apparatus 200a is now ready to assemble the form. 

First cylinder 284 is activated to move gasket holder 272 downward toward first mold retainer 206a, 
such that front mold 120a retained on the latter, will be inserted through open end 102a of gasket 100a and 
45 into its seated position, as shown in Figures 9A and 10. The resulting subassembly is retained upon first 
mold retainer 206a. with front mold 120a simply remaining seated upon first mold retainer 206a. and a lower 
portion of gasket 100a being accommodated within an annular recess 216a. At this point, the vacuum 
remains a D plied through bellows 210a. Cylinder 284 then moves gasket holder 272 upward. Air may enter 
through inlet 281, to insure tha^ gasket 100a does not remain seated within holder 272 at such time. 
5c Carnage 266 is then moved by its driving piston in a forward direction to a forward position as shown m 
phantom lines in Figure 8A In such position, a*es 207a and 288 will be aligned. Second mold retainer 266 
is then moved in a downward direction ty its associated cylinders, to insert a back mold 126a through open 
end 104a of gasKet i00a and into its seated position therein m a manner shown m Figures t 1 A and 12A 
While this is occurring, lower end 303b of collar 303 will abut the gasket, causing slide 303 to be moveo 
55 towara lts retracted position tn relation to second mold retainer 286 (since slide 303 is stopped in its travel 
by the gasket, wmie retainer 286 continues to move downward). At this point, vacuum through bellows 210a 
is turned oh such tnat wnen cylinder 316 lifts mold retainer 2B6 upward, it wnt -etam the entire assembled 
form thereon by means of the vacuum through ooen enc 296 of bellows 294 agamst back mold 140a. as 
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Shown in Figure 13A. 

Carriage 266 is then driven by its associated pneumatic drive cylinder back to its home position such 
that axis 221a of form carrier 220a is again aligned with axis 288. Cylinder 316 is again activated to move 
second mold retainer 286 downward to its lower mold position as shown in Figure 12A. At this point, also 
s the vacuum in rubber bellows 294 is turned off and the form is thereby deposited upon form carrier 220a. 
Slide 303, by virtue of its associated spring urging it downward from the retracted position, and by it 
abutting gasket 100a, ensures that the subassembly is separated from second mold retainer 286. Carriage 
266 is once again moved by its drive cylinder to its forward position shown in broken lines in Figure 8A. At 
this point, a signal generated by a sensor 336 determining the presence of carnage 266 in its forward 
w position, is used to activate tilt actuator cylinder 244a such that rod 246a pulls base 246a of solenoid 242a. 
Referring in particular to Figure 14A, this causes plate 223a to pivot about pin 226a and thereby tilt in the 
forward direction at an angle of about 10 degrees to horizontal, as already described. Then, pneumatic 
solenoid 242a is activated to raise from table 240a into an upper position such that resin injection port 116a 
of gasket 100a becomes sealingly engaged upon nipple 332 (i.e.. "mates" therewith), while a vacuum 
is injection nipple 324 is also engaged within vacuum injection port 120a but not sealingly engaged therein. 
The foregoing engagement is best shown in Figure 15A. The presence of wide port portions 112b and 118b 
of conduits 112a and 118a respectively, help to allow their respective injector to become engaged therein, 
with tapered portions 112d, 118d further acting to guide respective needles into position. A microswitch 
sensor (not shown) indicates gasket 100a of the form is in place and properly positioned for filling. 
20 Electrically controlled solenoids within resin dispenser 330 and vacuum injector 320 are then activated 
such that resin is injected into the lens forming cavity 139a of the form, while air is simultaneously 
withdrawn therefrom. Vacuum injector 130a will also draw air from outside gasket 100a. The fact that at this 
point outlet 119a will be disposed at a position higher than inlet 114a aids in removal of air from cavity 
139a, and hence along with the application of vacuum to port 120a, reduces the possibility of air bubbles in 
25 the cast lens, which could make suchJens useless. 

When cavity 139a is completely-filled with resin and resin begins to enter vacuum injection nipple 324, 
as shown in Figure 16 A. a vacuum sensor disposed within injector 320 will produce an increase of vacuum 
signal, which is used to shut off the solenoids within injectors 320 and 330. Following this, pneumatic 
solenoid 242a is again activated to lower table 240a, and rod 246a extended by cylinder 244a to bring tilt 
30 plate 223a to its horizontal position. 

Referring in particular now to Figure 16A-18A, bar 339 is then moved by a pneumatic cylinder (not 
shown) to push guides 248a to their retracted positions such that bevelled shoulders 249a will partially lift 
gasket 100a of the assembled form from annular form carrier 220a, and completely guide gasket 100a out 
of carrier 220a when the form is pushed in the forward direction. The filled form is then swept from form 
35 carrier 220a across guides 248a and onto an accumulator 338. by /neans of sweeper arm 262 moving 
forwardly and then pivoting under the application of force from cylinder 264 in a manner already described, 
and shown in broken lines in Figure 18A. Cylinder 264 then returns sweeper arm 262 to its home position 
as shown in solid lines in Figure 8A. At this point, the filled, assembled form can then be removed from 
accumulator 338 for placement in one of ovens 500. as previously described in connection with the 
coeration of the lens forming workstation of Figure 1A. 

regard is preferably controlled by a computer which senses the "position of various 'elements of the 
apparatus by means of limit switches or sensors such as sensor 336, sensor 310. and other sensors and 
limit switches (not shown) which insure that the reciprocating drives for gasket holder 262. second mold 
[retainer 286 and carriage 266 do not attempt to move those elements beyond their required positions, and 
[inform the computer when those elements are in their various position 

Thus, as described above a gasked is provided by the present invention, which when assembled with a 
pair of molds produces a spectacle lens form whicn automatically compensates for shrinkage of resin 
therein during curing, without the need for any external means such as spring clips, to urge the molds 
toward one another. Further, as shown, such gasket readily lends itself to automated assembly with the 
molds as well as convenient and complete filling of the resulting form, with a relatively effective removal of 
a;r therefrom during filling. A particular type of back mold has also been disclosed for use in a situation 
<lf where a spectable lens prescription calls for a high cylinder, and it is desired not to unduly reduce the 
tfi useful optical surface area of the cast, uncut lens, while at the same time maintaining a relatively low 
II possibility that shrinking resin in the assembled form, will grip such a mold and make it impossible to 
properly detach it from the cast cured lens. An apparatus has also been disclosed for assembling such a 
\J gasket with a pair of molds, while allowing for automatic adjustment of the relative rotational angle of the 
molds with respect to one another, and providing automated filling of the form in a clean, efficient, and 
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accurate manner with minimal operator intervention except to seat the gasket and molds thereon, and 
remove the filled form therefrom. 



5 Spin Coater 



Referring particularly to FIGS. 2B-5B, spin coater 2a consists of a housing 4a having front and rear 
chambers 6a, 20a, respectively, separated by wall 9a. Front chambers 6a has two opposed sides 7a and 
two hingely mounted doors 8a (one of which is shown in an open position in broken lines in FIG. 23), each 

to of which is made of a transparent plastic which has been darkened to reduce light transmission thereth- 
rough, such that chamber 6a is only visible therethrough when it is strongly illuminated. A plate 12a, having 
four circular openings 14a therein, defines another wall of front chamber 6a. Two infrared light fixtures 9a 
are capable of receiving respective infrared bulbs 10a therein, such that bulbs 10a face in a direction toward 
plate 12a. Fixtures 9a are adapted to receive bulbs 10a which are of a well known threaded base infrared 

?5 floodlight variety. 

Housing 6a further has a rear chamber 20a in which is disposed a metallic reflector 21 a with a lower 
position 24a and a plurality of openings 23a disposed at an upper end thereof. An actinic light fixture, 
comprised of mounting sockets 26a, is dispose! in rear chamber 20a, and more specifically within an upper 
end of reflector 21a. Sockets 26a are dimensioned to receive an actinic light 28a which is preferably a 

20 medium pressure mercury vapor light. Opposed ends of reflector 21a each carry three slots, 30a, 32a and 
34a which act as guides for a shutter 36. 

Specifically, shutter 36a consists of two rectangular sheets 38a, 40a which are hingedly mounted about 
a hinge 42a extending in a sideways direction of housing 4a. Shutter 36a is movable between a closed 
position, best seen in FIG. 4B, and an open position, best seen in FIG. 5B. by virtue of guides 44a 

25 extending from hinge 42a. guides 46a extending from an end of sheet 38a, and guides 48a extending from 
sheet 40a, sliding within respective slots 34a. 30a, and 32a. Shutter 36a is moved between the open and 
closed positions by means of a shutter trigger, consiting of an arm 52a which is an extension of guide 48a, 
and resilient spring 4 = 54 connected therefrom to a rear position 61a of a sliding drawer 60a. It will be seen 
from FIGS. 4B and 5B that when shutter 36a is in the open position, sheets 38a, 40a are spaced apart at an 

30 "interior angle" (that is the smallest angle between the two sheets 38a. 40a) which is less than the interior 
angle when they are in the open position shown in FIG. 4B. Thus, in the open position of shutter 36a sheets 
38a, 40a are spaced apart at an interior angle greater than when shutter 36a (and hence each of sheets 
38a, 40a) is in its closed position. 

An alternative arrangement for the trigger, would be such that each of sheets 38a. 40a could be 

35 individually controlled thereby for movement to their open and closed positions. 

Drawer 60a is slidably mounted on two rails 58a, which are in turn mounted within a tower end of 
housing 4a. This permits drawer 60a to slide between a front position best shown in FIGS. 2B and 4B, and 
a rear position best shown in FIGS. 3B and 5B. This movement is accomplished by a pneumatic cylinder 
(not shown), controlled by an external control switch. 

40 Drawer 60a carries four spin coater elements 62a each having a spin coater chuck 63a (described in 
more detail below), rotatably mounted on drawer 60a by means of a hollow shaft 80a. Chucks 63a are 
positioned on drawer 60a such that they are in alignment with respective openings 14a in plate 12a and 
thus can be illuminated by infrared lights 10a when drawer 60a is in the front position, and can be 
illuminated by actinic light 28a mounted in sockets 26a. when drawer 60a is m the rear position and shutter 

45 36a is open. Under the alternative arrangement for the trigger of shutter 36a. mentioned above, individual 
control of sheets 38a, 40a would allow timed exposure of the rearwaromost two of chucks 63a to actinic 
light 28a. to be different from that for the two forwardmost of clicks 63a. This could be particularly 
advantageous where, as described in the Example below, the exposure time of back molds is greater than 
that required for the front molds. 

so It will be seen particularly from FIGS. 4B and 5B, that the movement of drawer 60a on rails 58a, opens 

and closes shutter 36a. In particular, arm 52a and spring 54a are selected such that drawer 60a will open 
shutter 36a relatively rapidly (i.e.. will tend to "snap" it open) as drawer 60a passes through a position 
adjacent to its rear position while being shd rearwardiy. Such an adjacent cr "trigger" position would be 
locates at a point approximately when drawer 60a is two-thiras within rear housing 20a Likewise, drawer 

55 60a will tend to snap shutter 36a closed as it slides forwardly through such trigger position. It should be 
noted that drawer 60a is preferably slid on rails 53a between the front and rear positions, by means of a 
pneumatic motor (not shown) disposed within housing 4 

Returning to the construction of eacr, of chucks 63a. it will be seen that each has a generally cylindrical 
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body 64a with an open first end 66a, a second end 68a, and a generally cylindrical inside surface 67a 
extending between the ends. Finger grip recesses 65a are provided at upper end 66a. while lower end 68a 
of body 63a is provided with a vacuum opening 69a aligned with the axis of body 63a. and which is 
threaded to recetve a matingty threaded, hollow shaft 80a. A mold seat is disposed adjacent open upper 

s end 70a. the mold seat being defined by an annular ledge 70a. and an outwardly adjacent annular iip 72a. 
both of which extend about a mold seat axis which is coaxial with the axis of cylindrical body 64a and is 
coaxial with the rotational axis of the chuck 63a when rotated by shaft 80a. It will be noted that lip 72a 
projects in a first axial direction, or upward as viewed in the drawings. Likewise, a bellows 74a. which is 
resilient in its lengthwise direction, extends in the first axial direction toward an open first end 76a of bellows 

w 74a. A second end 75a of bellows 74a is sealingly engaged with second end 68a of chuck body 64a 
Bellows 74a will act as a vacuum conduit which is resilient in its lengthwise direction. In addition, the interior 
of bellows 74a communicates with the interior of hollow shaft 80a through vacuum opening 69. 

Again, as previously mentioned each chuck 63a is mounted for rotation by shaft 80a which in 
operation of the spin coater, would communicate by means of an appropriate conduit with an external 

rs vacuum pump (not shown). Shafts 80a are rotatable by respective pneumatic motors 84a, interconnected by 
means of a drive belt 86a which also rotates a shaft of sensor 88a to measure the speed of rotation of 
motors 84a. and provide a speed indicating signal to a control apoaratus which can control the amount of 
air delivered to motors 84a. 

A fan 110a is mounted in housing 4a to draw air into housina 4a in the direction of arrow tn a and 

20 circulate it therethrough in the direction of arrows, 1 1 1 a. n 2a. 1 1 3a. 1 14a, 1 1 6a and 1 1 7a (as best seen in 
Figures 3B. 6B and 7B), and hence through a filter (not shown) in the rearwardmost wall of housing 4. 
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Operation of Spin Coater 

First, drawer 60a is slid by its associated pneumatic cylinder (not shown) on rails 58a to its front 
position, if not already in such position. Fan 110a is turned on to circulate air in the manner already 
described. The four molds which have been selected for the particular spectacle prescription (two front 
molds and two back molds) are seated on respective chucks 63a. Preferably two of chucks 63a closest to 
rear chamber 20a are used for the back molds, and the other two chucks 63a are used for the front molds, 
m order to minimize subsequent incorrect matching of the molds, likewise, the left two chucks 63a as 
viewed from doors 8a of front chamber 6a. would be used for the front and back molds of the left lens and 
the right two chucks 63a used for the front and back molds of the right lens of the spectacle prescription. 

Each mold is seated on us corresponding chuck 63a in a manner similar to that disclosed in FIGS. 6B- 
8B. which particularly shows seating of a back mold 100a. Back mold. 100a is simply placed onto ledge 70a 
of the moid seat with lip 72a thereof accomplishing automatic centering of back mold 100a on the mold 
seat. Thus, in the spin coater of the drawing, back mold 100a is automatically centered on the axis about 
which chuck 63a will be rotated by shaft 80a. Due to the resilient nature of bellows 74a, the operator may 
find some resistance in pushing mold 100a alt the way down onto ledge 70a. However this will be 
unnecessary since simultaneously with the operator positioning mold 100a above the mold seat and in 
contact with first open end 76a of bellow 74a, an external valve (not shown) is also activated by the 
operator, oreferably by means of foot switch activated by the operator, and the signal therefrom being 
directed by an appropriately programmed computer; to cause a vacuum through hollow shaft 80a and 
bellows 74a. As open end 76a of bellow 74a will sealingly engage against mold 100a. the vacuum w.thm 
bellows 74a will increase tending to clamp bellows 74a against mold 100a, and at the same time pull mold 
100a down to a position where it is urged firmly against ledge 70a and retained there, it will be noted that in 
the of the front molds, the molding surface will be on the concave side thereof, so that the front molds 
w.H be placed with their convex side fac.ng downward The axial resiliency of bellows 74a can accom- 
modate the then downwardly extending (as viewed in the drawings) convex face of the front mold. 

A small amount of a polymerizable coating composition (typically an abrasion resistant coating 
composition), which is to form a coating on a finished lens, is sprayed on a central area of the molding 
surface of each mold. Examples of abras.on resistent polymerizable coating compositions are provided 
below, however use of the sp.n coater of the present invention is not restricted to such compositions 
Further, U.S. Patents No 3,978,178 to Oshima, No 4,287.227 to Kamada et al.. and No 3 265 763 to 
De.chert. and OS^Patefir-Nor 4,306.954 Wendling. summarize many well known abras.on resistant 
£ompounds^oj <^type whtch might be used in the practice of the present novel method. 

At this point, chuck 63a will then be spun at a high rotational rate, typically about 750 revolutions per 
nvnute ("rpm"). while infrared light fixtures 8a, and hence infrared bulbs 10a. are energ.zed typically for 
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about one minute. When infrared lights are each 250 watts, this will be sufficient time to remove most of the 
coating composition solvent by evaporation. 

Drawer 60a is then slid to its rear position by means of the pneumatic piston (not shown), again 
preferably automatically by means of a control such as a computer control, which insures that the proper 
5 time for spin coating has elapsed. As drawer 60a moves rearwardly past the trigger position, shutter 36a is 
snapped relatively quickly from its closed position in FIG. 4B to its open postion in FIG. 5B. This 
arrangement allows medium pressure mercury vapor light 28a disposed in actinic light fixture sockets 26a. 
to remain on constantly and thereby avoid a warm-up period each time drawer 60a is moved into the rear 
position, while allowing for a relatively precise timing of the exposure of the coated molds to actinic light 

w from light 28a. When sufficient time as elapsed, usually about 4-10 seconds, drawer 60a is then slid in a 
forward direction to its front position, and while passing through the trigger position will snap shutter 36a 
relatively quickly into its closed position. 

When drawer 60a is again in its front position, the molds with their partially polymerized coating 
thereon, can be removed from their respective spin coater chucks 63a and inserted into a gasket 11 2a in a 

75 manner shown in FIG. 9B, to produce an assembled form as shown in FIG. 10B. Assembly of the form is 
more fully described in copending U.S. Patent application entitled "Lens Forming Apparatus" supra. A 
cavity 120a is then filled with resin which is then cured, again as described in the foregoing application, and 
a resulting lens 130a shown in FIG. 12B, separated from the remainder of the form. Since the coatings on 
molding surfaces 102a. 116a of respective molds 100a. 11 4a. were only partially polymerized by actinic 

20 light 28a, they tend to become partially absorbed on the curing resin in cavity 120a, and cross-linked with 
the resin. This fact additionally insures that the partially polymerized coatings on molding surfaces 102a, 
116a. will tend to adhere better to the cured lens than to their respective molding surfaces, and thus 
facilitate ready separation of the cured lens and its coatings thereon, from molds 100a, 114a. However, it 
will be understood that the coatings on molding surfaces 102a, 11 6a should only be cured to an extent 

25 which will allow the foregoing partial absorption into the lens forming resin, and thus permit such ready 
separation from the molding surfaces 102a, 116a, 

Each resulting lens 130a then, as shown in FIG. 1 1B has a lens body 132a of the cured lens resin, and 
a front coating 134a and back coating 136a. Where desired, the two lenses 130a can be placed upon 
respective spin coaters 63a in a manner shown in FIG. 9B, with only a vacuum through bellows 74a holding 

30 each in place. Thus, as shown in FIG. 9B, lens 130a will be urged in the direction of arrows 132a. Since the 
lens produced by the molds will have a diameter less than the outer diameter of the molds themselves, it 
will not seat on the mold seat defined by ledge and lip 70a, 72a, respectively. However, the purpose of 
seating the coated lenses on spin coater 63a at this stage does not require spinning of the coater, which 
instead simply act as holders for lenses 130a while drawer 60a is slid to its rear position, to further expose 

35 lenses 130a to actinic light from light 28a and thereby further polymerize and harden coatings 134a, 136a. 

A method which can use such spin coater (but which need not necessarily do so) to produce a 
spectacle lens with front and back coatings with desireable properties, and the resulting spectacle lens, will 
now be described. 

40 

Method of Making Coated Spectacle Lenses 

As described in the "Summary of the Invention" above, the concept here is to provide a first surface of 
a spectacle lens, preferably the front surface, with a highly abrasion resistent non-tintable coating, while 

45 providing a second surface, preferably the rear surface, also with a coating which is ab-asicn resistent but 
not to the same degree as the first surface coating, and which is tintabie. Preferably the front surface has an 
abrasion resistance of at least 80 psi as measured by the method described below and more preferably at 
least 200 psi, while the back surface preferably has an abrasion resistance of at leas: about 10 psi. It should 
be noted that typically coatings with an abrasion resistance of less than about 75 ps; determined by the 

50 method described below, are typically tintabie. whereas those with a higher abrasion resistance typically are 
not. 

In the following example, the front and back surfaces of the resultant coated lens nave the following 
characteristics: 

Front surface: - abrasion resistance of 275 psi (pounds per sauare incM measured by the test method 
55 ana associated apparatus described below, and non-tmtaole 

Back surface: - abrasion resistance of approximately 10 ps: measured as above (standard All /I Diglycoi 
carbonate tenses show approximately 5 ps: aorasion resistance. 

Tmtability - 70-80% transmission within 5 minutes at 200 F. and 63-6"% transmission within 20 
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m.nutes at 200 F, using BPt GRAY (available from Bra.n Power Incorporated, Miami, Florida USA- which 
is an aquaeous solution of a mixture of azo anthraquinone dyes of approximately 5% (by we.qht) + 0 2% of 
a non-ionic surfactant. y ° 



Example 1 

Front coating is prepared by adding the following materials in order: 
(sealed and stored at -5 F until used). 




gram methy ethyl ketone (reagent grade). 

gram 2,2 - dimethoxyl -1,2 -diphenylethanone (MWT 256.3). 

gram dipentaerythrttol pentaacrylate (MWT 525). 

gram ethoxytated trimethylolpropane (MWT 428) 

gram FC-430 (a trademark of 3M Company, St. Paul, 

Minnesota, U.S.A.) surfactant (non-ionic fluorinated alkyl 

esters) 

grams total 



Back coating is prepared by adding the following materials in order: 
(sealed and stored at -5 F until used.) 




gram methy ethyl ketone (reagent grade) 

gram 2,2 - dimethoxy -1,2 - diphenylethanone (MWT 256.3) 

gram dipentaerythritol pentaacrylate (MWT 525) 

gram polyethylene glycol dimethacrylate (MWT 300) 

gram hydroxypropyf methacrylate (MWT 144) 

gram FC-430 surfactant 

grams total 



PROCEDURE 

11 Clean front molds are spin coated with the above front coating mix (mix allowed to warm to room 
temperature before application), at 750 RPM. 

1.2 Solvent is evaporated with a 250 watt infrared bulb at a distance of 12 inches for 1 minute while 
being spun at 750 RPM. 

. w ..!* 3 The °° ated fr ° nt m0ld ,s rotated at approximately 38 RPM while exposing to ultraviolet U V light 
( J V. ) using a medium pressure mercury vapor light for 4 seconds at 19.6 milliwatts per square 
centimeter measured at 360 nanometer wave length. 

1.4 The back mold is coated with the back coating (allowed to warm to room temperature) and 
solvent evaporated as per 3.1 .2 above, and exposed to U.V. as per 1 .3 for 10 seconds 

1.5 The mold halves are assembled into a clear polyvinyl chloride gasket having a shore "A" 
hardness of 75. 

n m ,h 6 | Them ° W assemb| y is th *n Med through fill ports in the gasket with the coat.ng resin, a mixture 
cf allyl diglycoi carbonate. 3% .soperoxy percarbonate (IPP) with shrink reduction add.t.ves 

* m. 1 / f, " ed 3SSemb| y is cured ,n a horizontal flow forced air oven for 15 hours. Temperature starts 
at 105 F and ramps to 145 F. 

1.8 After 15 hours the mold assemblies are cooled to 125 F, then demolded. 

1.9 The resultant lens are w.ped clean with acetone and soft tissue, then placed back in oven for post 
cure tor 30 minutes at 200 F M 

1.10 The post cured lenses are then exposed to the U.V.; 60 seconds for front surface adn 20 
seconds for back surface. 

ru Abrasion tests are performed on the front surface by the method described below 
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1.12 Abrasion resistance of the back coating was estimated by coating a front surface with back 
coating and performing the abrasion test, RESULTS: 10 PSI 

1.13 Tinting test 
Standard water soluble 
BPI gray dye at 200 F, 

5 minutes - 70-80% transmission to visible light; and 
20 minutes - 63-67% transmission to visible light 

1.14 Adhesion Test 

A razor blade was used to cross cut 1/16" squares on a 1/2" x 1/2" total area, then the cross hatched area 
was pressed with adhesive tape and was then peeled off. The lens sample is then placed in a tint bath for 5 
minutes. Adhesion loss is observed on front or back lens as tinted areas. This test is equivalent to ASTM 
Adhesion Tape Test No. D 3359-83, Method B. The coatings met standard 4B of the foregoing test that is 
with virtually no loss of adhesion. 

Abrasion Resistance Test Method 

The apparatus for measuring abrasion resistance is shown schematically in FIG. 13B, and does not 
constitute a part of the present invention. This apparatus includes a cam 2a wh ( ch is dr.ven by a motor (not 
shown) so as to reciprocate a sample support 6a about a pivot point 8a in the direction of arrows 12a A 
sample 10a. in the form of a coated lens, would be placed upon sample support 6a in the manner shown in 
FIG. 12B. A steel wool pad 14a is arranged to contact the reciprocating sample 10a on sample support 6a, 
and be pressed thereagainst by means of a load (i.e., weight) 20a acting through load transfer rod 18a and 
maintained in positioned by load transfer guide 16a. Load transfer rod 18a has a lower end ' with 
approximately 0.5 inch diameter, such that the area of applied pressure to a sample is approx im ately 0.196 
square inch. 

The foregoing apparatus is set up for measuring abrasion resistance as follows: 

2.1 The sample support is adjusted to move the sample on the convex plane by proper radius 
selection at the pivot point for the sample support. For example, a 6.00 DiODter ("D") surface d in FIG. 13B 
will be: 
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530 radius 

d = (6.00) x (25.4/inch) = 3.47 inch radius 

Preferably a 4 to 6 D lens is used for the test, and this should remain constant to reduce error in making 
comparisons between tests. 

The stroke is set for 1.00 inch by the eccentric cam position. The stroke speed of about one stroke per 
second is controlled by selection of motor speed. One stroke is 2 passes across the surface. 

2.3 The steel wool abrading pad is fine grade (#000) 3 x 4 inch, with a compressed thickness of 0.25 
inches. The steel wool is wrapped around the end of the load transfer rod, the steel wool strands 
perpendicular to the direction of sample motion, and held tight with tape around the rod. 

2.4 The lens sample is positioned on the sample support with two sided tape, the front sample 
surface is wiped clean with an acetone and a soft tissue wipe. 

2.5 The load transfer rod, with weights are allowed to rest freely on the lens sample surface. 

2.6 The motor is turned on and 25 strokes are counted by a cycle counter device attached to a motor 
cam. The motor stops automatically at the end of 25 strokes. 

2.7 The load is lifted away, the lens sample removed, wiped clean with acetone-soft tissue. ">en 
visually inspected. 

2.8 The visual inspection of the lens sample is performed with the unaided eye, viewing through the 
back surface, held 8-12 inches from the eye. viewing toward a ceiling counted fluorescent light. The 
number of visible continuous 1/4 inch, or longer scratches, within the center most 12 inch of the stroke path 
are counted. 

2.9 A sample having 6 or more scratches constitutes failure tc exhibit aorasion resistance at a psi 
value which ,t corresponds to the weight of load 20a Less than 5 scratches is said tc exmbit acrasion 
resistance at such psi value. 

It will be seen then, that the oresent invention orcv-ces both a spin coater wh.cn can conveniently spin 
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coat spectacle lens molds to provide a means for coating a formed spectacle lens, and further provides a 
novel vacuum chuck for automatically centering the mold in a chuck seat and retaining it in position thereon 
by means of an axially resilient vacuum conduit. In addition, as has also been disclosed, the present 
invention provides a method for producing a coated spectacle lens with one surface which is highly 

5 abrasion reststent, and another surface which is not so abrasion resistant but has fairly significant abrasion 
resistance, and which other surface remains tintable whereas the more abrasion resistant surface is not. 
Further, both coatings are partially absorbed onto the lens forming material itself, and therefore adhere 
firmly thereto, by virtue of the fact that the coatings were only partially polymerized when positioned in a 
form and contacted with the uncured lens forming resin. In addition, the present invention also provides a 

io iens which can be produced by the foregoing method. 

It will be appreciated that various modifications and alterations can be made to the substance of the 
above described inventions, without departing from the spirit or scope thereof. Accordingly, the present 
invnetion is not limited to the above described embodiments, but should be determined with' reference to 
the following claims. 



Claims 



1. An apparatus for casting a finished spectacle lens of a specified ophthalmic lens prescrtDtion 
20 including 

means for storing a plurality of mold elements to enable said apparatus to fill a vanety of different 
ophthalmic lens prescriptions, including means for advancing identified mold elements to a mold delivery 
station. 

means for storing a plurality of gaskets to enable said apparatus to fill different lens prescriptions, each 
2S gasket being adapted to hold in a predetermined spaced apart relationship a pair of mold elements inserted 
into a selected gasket, 

means for inserting an identified pair of mold elements into a selected gasket to form an assembly of 
gasket and mold elements, 

alignment means for holding said selected gasket .n a reference position and for orienting the selected 
30 mold elements with respect to each other in said selected gasket, and 

means for filling the assembly of said selected gasket and said identified mold elements with a liquid 
polymeric material that fills the space between said mold elements and hardens on curing to form the 
finished spectacle lens having said specified ophthalmic lens prescription. 

2. The apparatus of claim 1 wherein the gasket or moid has thereon a machine readable identification 
35 number. 

3. The apparatus of claim 1 including oven means into which said assembly with the polymeric material 
therein is placed for a predetermined time period, said oven means including heat control means for varying 
the temperature within said oven in accordance with a predetermined program. 

4. The apparatus of claim 1 including a station where the identified mold elements are coated with a 
40 release agent prior to said identified mold elements being inserted into the selected gasket. 

5. An apparatus for casting a finished spectacle lens of a specified ophthalmic prescription, including 
means for storing a plurality of mold elements, each mold element bearing a machine readable marking 
thereon identifying and distinguishing it from other mold elements, 

* said mold storing means having individual, movable mold containers for each mold element, which are 
45 advanced to or withdrawn from a mold delivery station, 

means for assembling a pair of mold elements delivered to safd mold delivery station in a gasket in a 
spaced apart relationship to enable the space between said mold gaskets to be filled with a liquid oolymeric 
material that on curing hardens to form a lens. 

means for reading the marking on a mold element and providing an electronic control signal identifying the 
individual mold container which holds said mold element, and 

control means responsive to said control signal for advancing said individual mold container to the mold 
delivery station. 

6. A apparatus for casting a finished spectacle lens having a specified ophthalmic prescription including 
means for storing a plurality of mold elements and advancing individual mold elements to a mold delivery 
station, 

gasket storage means for holding a plurality of different size gaskets, each gasket bearing a machine 
readable marking thereon providing an identification symbol thereon, 

input means for identifying a pair of mold elements and gasket of a selected size to fill said spec.f.ed 
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ophthalmic prescription, said input means including control means for advancing the identified pair of molds 
to the mold delivery station, 

means for assembling said identified pair of mold elements delivered to said mold delivery station and said 
identified gasket into an assemblage with the mold elements oriented relative to each other and spaced 
5 apart to make a lens which fills said prescription. 

means for filling the space between said mold elements with a liquid polymeric material that hardens on 
curing, and 

means for reading the marking on the gasket to confirm that the correct gasket has been selected. 

7. The apparatus of claim 6 including printout means that provide a tag to be placed on the lens made 
to by said apparatus identifying said lens with the same marking as appears on the selected gasket or mold 

used to make said lens. 

8. The apparatus of claim 6 where a tag having a machine readable marking is placed on the finished 
lens for identification. 

9. An apparatus for casting a finished spectacle lens having a specified ophthalmic prescription, 
/5 including 

means for storing a plurality of moid elements and advancing individual mold elements to a mold delivery 
station, 

gasket storage means for holding a plurality of different size gaskets 

input means for identifying a pair of mold elements and gasket of a selected size to fill said specified 
20 ophthalmic prescription, said input means including control means for advancing the identified pair of molds 
to the mold delivery station, 

means for assembling said identified pair of mold elements delivered to said mold delivery station and said 
identified gasket in an assembly with the mold elements oriented relative to each other and spaced apart to 
make a lens which fills said prescription. 
25 means for storing in a relatively cool chamber a plurality of different types of polymeric materials used in 
casting lenses, and 

means for filling the space between said molds with a selcted one of said different types of polymeric 
materials. 

10. In an apparatus for making spectacle lenses wherein resin is introduced into a space between a pair 
30 of mold elements through a passageway in a gasket holding said elements in a spaced apart relationship, 

including: 

means for storing resin in a container, said container having an outlet through which resin will flow when 
pressure is applied to said resin, 

a dispensing head including a nozzle element adapted to fit into the passageway in the gasket, said nozzle 
35 element being in communication with the outlet in the container, and 

means for inserting said nozzle into the passageway and applying pressure to the resin to force resin 
through the outlet and nozzle into said space between said mold elements. 

11. In an apparatus for making spectacle lenses wherein resin is introduced into a space between a pair 
of mold elements held in a spaced apart relationship m a gasket, said gasket having two separate ports 

40 each including a passageway leading to the space between said mold elements, including: 

means for storing the resin in a plurality of individual containers, each container holding a different color of 
resin and container having an outlet through which the resin will flow when a pressure is applied to said 
resin. 

a dispensing head including a plurality of nozzle elements, each nozzle element being adapted to fit into 
45 one of the fill ports and each nozzle element being in communication with an outlet of one of the containers, 
means for inserting one of the nozzle elements into one of the fill ports to correspond with the prescribed 
color of the lens being made, 

means for applying pressure to the selected resin to force this resin through the outlet of its container 
through the nozzle inserted into the selected fill port, and 
sc means for applying a vacuum to the other fill port so that gas in trie space between tne moid elements is 
removed from said space as resin flows into this space. 

12. The apparatus of claim 16 wherein the resin is maintained m storage means which are at a 
suDStantiaily lower temperature than ambient 

13. A cannister fc holding a resm material used m aoDaraijs fc manufacturing soectacie lenses. 
55 comprising- 

a tubular body memDe' having a pert adjacent one end of the body memoer ana a plunger element 
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movable within the body member under applied pressure to push resin from the body member out said 
port. sa.d plunger element carrying a member which activates a sensor near said end to indicate that thP 
resin is essentially depleted. e 

14. The cannister of claim 13 carrying tag means bearing a machine readable code which indicates that 
the resin ,n the cann.ster is compatible with the apparatus for manufacturing spectacle lenses 

15 A gasket suitable for receiving and retaining two molds to form a spectable lens form said oasket 
comprising a hollow resilient body having: 9 

a) opposed open ends: 

b) an inside surface extending between the open ends; 

c) Two spaced apart slots extending about an inside surface thereof. 

d) a resin inlet conduit and an outlet conduit, which communicate between respective positions on 
the inside surface between the annular slots, and positions on the outside of said body. 

16. A gasket suitable for receiving and retaining two generally circular molds to form a spectacle lens 
form, said gasket comprising a hollow resilient body having: 

a) opposed open ends; 

*hm «? ^J nside * urtace extending between the open ends, of substantially c.rcular radial cross-sect.on 
throughout the axial length thereof; 

c) two spaced apart annular slots extending about the instde surface thereof- 

d> a resin inlet condu.t and an outlet conduit, wh.ch communicate between respect,ve positions on 
the inside surface between the annular slots, and positions on the outside of said body. 

17. A gasket as defined in cla.m 16. wherein said body has an annular lip disposed between the slots 
and which lip extends inward beyond the inside surface. 

18. A gasket as defined in claim 17, wherein the conduits communicate with respect.ve opposed 
positions on the inside surface. upposeo 

19 A gasket suitable for receiving and retaining two molds to form a spectacle lens form the qasket 
comprising a resilient hollow body having: " y 

a) opposed open ends; 

, hr o n! f inside surface extending between the open ends, of substantially circular radial cross-section 
throughout the axial length thereof; 

c) two spaced apart annular slots on the inside surface thereof 

d) an annular lip disposed adjacent and between the slots and which extends inward beyond the 

mstde surface; ' 

e) a resin inlet and an outlet which communicate between respective opposed inside pos.tions on the 
inside surface between the annular slots, and respective inlet and outlet ports spaced apart therefrom in an 
axial direction of said body and which face in the same axial direction. 

20. A gasket as defined in claim 19 wherein said body had two radially opposed and ax.ally extending 
solders Where ' n n ' et 0U " et POrtS 3re dlSP0Sed ' n res P ec,ive axial| V f acing ends of the 

21. A gasket as defined in any of claims 16 to 20. wherein the body and slots are d.mens.onea such 
hat said body w.ll tend to press molds with annular flanges matingly retained in respective annular slots 

toward one another. 

*«J« \ 93 t* ad , de, ' ned in cla,m 20 wher ^n said body is normally outwardly bowed, and inwardly 
bowed when the mold annular flanges are matingly retained in respective annular slots, so as to urge the 
molds toward one another, y 

23. A mold suitable for molding a surface of a spectacle lens, comprising: 

a) an annular flange having two diametrically opposed notches therein; and 

b) a curved molding surface extending within satd annular flange. 

24. A mold suitable for mold.ng a surface of a spectacle lens, comprising: 

a) an annular flange; 

b) a generally convex molding surface defined by combined spherical and cylindrical elements such 

ILT TT SUrf3Ce POrt '° nS d ' S0OSed 3b0Ut ,he axis °' least curvature ™ ^planer with sa;d 
nange. while two opposed second surface portions disposed about the axis of greatest curvature, extend 
past said annular flange; 
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c) wall segments extending between the second surface portions and said flange. 

25. A mold as defined in claim 24 wherein said wall segments extend perpendicularly to the plane on 
which said annular ring lies. 

5 26. A form assembly apparatus capable of assembling a spectacle lens form from two molds and a 

hollow gasket with opposed first and second ends, which gasket is dimensioned to receive the molds 
therein in respective, spaced apart, seated positions, the apparatus comprising: 

a) a first mold retainer and a gasket holder which can releasabty retain a first moid and a gasket 
thereon, respectively; 

10 °) a reciprocating drive connected to reciprocate one of said first mold retainers and gasket holder 

with respect to the other when the two are axially aligned, such that said first mold retainer can insert a first 
mold retained thereon through the first open end of the gasket and into its seated position to produce a 
sub-assembly; 

c) a second mold retainer which can releasabty retain a second mold thereon; 
75 d ) a reciprocating drive connected to reciprocate one of said second retainer and the sub-assembly 

when axially aligned therewith, with respect to the other, such that said second mold retainer can insert a 
second mold retained thereon into its corresponding seated position in the gasket of the sub-assembly to 
produce the assembled form; 

e) a carnage connected to align the first mold retainer with said gasket holder,' and align the sub- 
20 assembly with said second mold retainer. 

27. A for assembly apparatus capable of assembling a spectacle lens form from two generally circular 
molds and a hollow gasket with a generally circular cross-section therethrough and opposed first and 
second ends, which gasket is dimensioned to receive the molds therein m respective, spaced apart, seated 
25 positions, the apparatus comprising: 

a) a first moid retainer and a gasket holder which can releasably retain a first mold and a gasket 
thereon, respectively, 

b) a reciprocating drive connected to reciprocate one of said first mold retainers and gasket holder 
with respect to the other when the two are axially aligned, such that said first mold retainer can insert a first 

30 mold retained thereon through the first open end of the gasket and into its seated position to produce a 
sub-assembly; 

c) a second mold retainer which can releasably retain a second mold thereon; 

d) a reciprocating drive connected to reciprocate one of said second retainer and the sub-assemblv 
when axially aligned therewith, with respect to the other, such that said second mold retainer car, insert a 

35 second mold retained thereon into its corresponding seated position in the gasket of the sub-assembly .o 
produce the assembled form; 

e) a carriage connected to align the first mold retainer with said gasket holder, and align the sub- 
assembly with said second mold retainer. 

40 28. An apparatus as defined in claim 27, additionally comprising an indexer which can establish the 
initial relative rotational angle of said molds prior to insertion of said second mold into the sub-assembly, 
and rotate one with respect to the other to adjust the relative rotational angle to a preselected value. 

29. An apparatus as defined in claim 28 wherein said indexer comprises: 

a) an index indicator on each of said mold retainers which can bo aligned with a correspondina 
45 indicator on the outer periphery of a mold; 

b) motor means for rotating at least one of said mold retainers with respect to the other. 

30. An apparatus as defined in claim 29 wherein the index indicate- on each mold retainer, is a plurality 
of tabs thereon which can project into mating receptacles on the outer ;^;ohery of a mold. 

so 31. An apparatus as defined m claim 30 wherein the index indicator on each mold, comprises two tables 

angularly spaced apart 180 degrees about the axis of the moid retainer, which can project into matching 
receptacles on the outer periphery of a mold 

32. An apparatus capable of assembling a spectacle lens form fr 0 ~ two generally circular melds and a 
hollow gasket with a substantially circular cross-section therethrough and with opposed first and second 
ooen ends, which gasket is dimensioned *o receive the mcids therein m respective, spaced apart, seated 
positions, the aoparatus comprising: 
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a) a first mold retainer and an oppositely facing gasket holder one of which is reciprocally mounted 
with respect to the other such that when the two are axially aligned, said first mold retianer can insert a first 
mold retained thereon, through the first open end of the gasket and into its seated position to produce a 
sub-assembly which can be retained on the first mold retainer; 

b) a second mold retainer facing in a direction opposite the first, one of which is reciprocably 
mounted with respect to the other, such that when the two are axially aligned, said second mold retainer 
can insert , a second mold retained thereon into its seated position in the gasket of the sub-assembly 
retained on the aligned first mold retainer, to produce the assembled form; 

c) a carriage upon which said first mold retainer is disposed, which can carry said first mold retainer 
between respective positions in which it is axially aligned with the gasket holder and said second mold 
retainer; 

d) at least one reciprocating drive connected to reciprocate one of the first mold retainer and gasket 
holder with respect to the other, and one of the first and second mold retainers with respect to the other. 



33. An apparatus as defined in claim 32 wherein said carriage is slideably mounted on a guide, and 
wherein at least one reciprocating drive reciprocates said gasket holder and said second mold retainer with 
respect to said first mold holder. 

34. An apparatus as defined in claim 33. additionally comprising; 

a) a form filling station having: 

20 (\) a table which can hold a form in position thereon, and a form filler with a resin injection nipple; 

<\i) a reciprocating drive connected to at least one of the table and the filler so as to reciprocate at least one 
with respect to the other; 

the table and form filler being disposed such that the resin injection nipple can mate with an injection port 
of a form disposed on the table when said reciprocating drive moves one of the table and filler toward the 
25 other; 

d) a form carrier alignable with said second moid retainer and the table, so as to receive a form from 
a position aligned with said second mold retainer and hold it in alignment with the table. 

35. An apparatus as defined in claim 34, additionally comprising: 
30 a) a form filling station having: 

(i) a form table which can hold a form in position thereon, and a form filler with a resin injection nipple and a 
vacuum injection nipple; 

lit} a reciprocating drive connected to at least one of the table and the filler so as to reciprocate at least one 
with respect to the other; 

35 sa.c table and form filler being disposed such that the resin vacuum injection nipples can mate with 
respective resin and vacuum injection ports of a form disposed on the table, when the reciprocat.ng drive 
moves and one of the table and filler toward the other; 

d) a form carrier alignable with said second mold retainer and the table, so as to receive a form from 
a position aligned with said second mold retainer and hold it in alignment with the table 

40 

36. An apparatus capable of assembling a spectacle lens form from two generally circular molds and a 
hollow gasket with a substantially circular cross-section therethrough and with opposed first and second 
ooen enos. which gasket is dimensioned to receive the molds therein in respective, spaced apart, seated 
positions, the apparatus comprising: 

4$ a) an upwardly facing first mold retainer and a downwardly facing gasket holder one of which is 

recprocally mounted with respect to the other such that when the two are axially aligned, sa.d first mold 
reta : nor can insert a first mold retained thereon, through the first open end of the gasket and into its seated 
position to produce a sub-assembly which can be retained on the first mold retainer; 

b) a downwardly facing second mold retainer disposed transversely from said first mold retainer in a 
so forward direction, one of which is reciprocably mounted with respect to the other such that when the two are 

axially aligned, sa.d second mold retainer can insert a second moid retained thereon into its seated position 
<n the gasket of the sub-assembly retained on the aligned first mold retainer, to produce the assembled 
form; 

c) at least one reciprocating drive connected to can reciprocate the first mold retianer and gasket 
55 holder, and first and second motd retainers, with respect to one another 

d) a form filling station spaced in the forward direction from sa.d second mold retainer, said form 
filling station having* 

fu an upwardly facing form table which can hold a form in position thereon, and a form filler with a 
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downwardly facing, resm injection nipple and a vacuum injection nipple; 

a reciprocating drive connected to the table so as to reciprocate the form table with respect to the form 
filler; 

said table and form filler being disposed such that the resm and vaccum injection nippies can mate with 
5 respective injection and vacuum pens of a form disposed on the table, when the reciprocating drive moves 
the table and filler toward the form filler; 

e) a form carrier alignable with said second mold retainer and the table, so as to receive a form from 
the former and hold it in alignment with the latter; 

f) a slideable carriage upon which said first mold retainer and said form carrier are disposed, said 
to form carrier being spaced in the forward direction from said first moid retainer, such that said carriage can 

align said first mold retainer with each of said gasket holder and said second mold retainer, and can align 
said form carrier with said second mid retainer and the table. 

37. Apparatus as defined in the claim 36 wherein sa'd form carrier comprises a rim which is open both 
75 from below and in a forward direction, and wherein the form table when in a retracted position, is disposed 
beneath the rim, and is dimensioned such that when the table and said form carrier are axially aligned, the 
table can be extended from the retracted position through said form carrier, to lift a form disposed thereon 
to a position in which the injection and vacuum ports mate with the resin and vacuum injection nipples, 
respectively. 

2Q 38. A method of preparing a spectacle lens using a lens form having resin and vacuum injection ports 
and respective conduits communicating therefrom to substantially opposed outlet and inlet openings in the 
mold cavity, the method comprising injection resin into the resm injection port while applying a vacuum at 
the vacuum injection port. 

39. A method as defiend in claim 38 additionally comprising tilting the mold prior to resin injection such 
25 that the mold cavity is disposed at an elevated angle to the horizontal, with the outlet opening being higher 

than the inlet opening, and maintaining such an elevated angle during resin injection. 

40. A method as defiend in claim 39 wherein the elevated angle is between substantially 6 degrees to 
15 degrees. 

41. A method of assembling a spectacle lens form from first and second molds having respective 
30 flanges extending thereabout, and from a gasket comprising a hollow resilient body having: 

(i) opposed first and second open ends 

(ii) first and second slots extending about an inside surface of the body, which can snugly seat therein, the 
flanges of the first and second molds, respectively; 

(iii) a resin inlet conduit and an outlet conduit which communicate between respective positions on the 
35 inside surface between the annular slots, and positions on the outside of said body; 

the method comprising pressing the first and second molds through at least one open end of the gasket 
until the flange of each is snugly seated in a corresponding slot. 

42. A method of assembling a spectacle lens form from first and second generally circular molds 
having respective annular flanges extending thereabout, and from a gasket comprising a hollow resilient 

40 body having: 

(i) opposed first and second open ends 

(ii) an inside surface extending between the ends, with a substantially circular radial cross-sections 
throughout its length; 

(iii) first and second annular slots extending aoout the inside surface of the body, which can snugly seat 
4s therein the flanges of the first and second molds, respectively; 

(iv) an annular hp disposd adjacent end between the slots and which extends inward beyond the inside 
surface; 

(v) a resin inlet and an outlet which communicate between respective opposed inside positions on the 
inside surface between the annular slots, and respective inlet and outlet ports spacec apart therefrom in an 

so axial direction of said body and which face :n the same axial direction; 

the method comprising pressing the first and second molds through at least one open end of the gasket 
until the flange of each is snugly seated in a corresponding slot. 

43. A chuck suitable for spin coating a spectacle lens mold, the chuck compnsmg: 

a) a moid seat defmea by a :edge. and an adjacent ,ip. both exiencnng about a seat axis. 
55 bj a lengthwise resiiiant vacuum conduit extending to an open first end thereof, said conduit being 

disposed such that when a vacuum is apo^ed the-etnrough, the open first end can seahngty engage against 
tne mold wnen seated t the mo'd seat, tc urge tne mcio against the ledge 
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44. A chuck as defined in claim 43 wherein the lip projects from the ledge in a first axial direction of the 
mold seat axis, and the vacuum extends in the first axial direction toward the open end thereof. 

45. A chuck suitable for spin coating a spectacle lens mold, the chuck comprising a hollow body 
having: 

a) an open first and an opposed second end; 

b) a wall extending between the ends; 

c) a mold seat defined by a ledge extending adjacent an inside surface of the wall, and an outwardly 
adjacent tip, both the ledge and lip extending about a seat axis, and the lip projecting in a first axial 
direction of the seat axis away from the second end; 

d) a lengthwise resilient vacuum conduit extending in the first axial direction to an open first end 
thereof, said conduit being disposed such that when a vacuum is applied therethrough, the ooen first end 
can sealingly engage against the mold when seated in the moid seat, to urge the mold against the ledge. 

46. A chuck suitable for spin coating a spectacle lens mold, the chuck comprising: 

is a) a hollow body having a generally circular open first end, an opposed second end, and a wall with a 

substantially cylindirical inside surface extending between the ends; 

b) a mold seat defined by a ledge extending adjacent the inside surface of the wall, and an outwardly 

adjacent lip, both the lip ledge and lip^ extending about a seat axis with the lip projecting in a first axial 

direction of the seat axis away from the second end; 
20 c) a lengthwise resilient vacuum conduit extending in the first axial direction to an open first end 

thereof, said conduit being disposed such that when a vacuum is applied therethrough, the open first end 

can sealingly engage against the mold when seated in the mold seat, to urge the mold against the ledge. 

47. A chuck as defined in claim 46 wherein the second end of said body has a lower vacuum opening 
25 aligned with the. axis of the substantially cylindrical wail, and a second end of said vacuum conduit 

communicates therewith. 

48. A chuck as defined in claim 46 wherein the seat axis is aligned with the axis of the substantially 
cylindrical wall. 

49. A chuck as defined in any of claims 43 to 48 wherein said vacuum conduit comprises a bellows. 
30 50. A chuck as defined in claim 46 wherein said body is substantially cylindrical. 

51. A spin coater element suitable for spin coating a spectacle lens mold which has a flange extending 
around the outer periphery thereof, the spin coater comprising: 
a> a frame; 

bi a chuck rotatably mounted on said frame, said chuck comprising: 
35 i) a mold seat defined by a ledge, and an adjacent lip, both extending about a seat axis: 

ti) a lenthwise resilient vacuum conduit extending to an open first end thereof, said conduit being 
disposed such that when a vacuum is applied therethrough, the open first end can sealingly engage against 
the mold when seated in the mold seat, to urge the mold against the ledge. 

*o ^ 52. A spin coater element suitable for spin coating a spectacle lens mold which has an annular outer 
flange, the spin coater comprising: 

a) a frame; 

b) a chuck rotatably mounted on said frame, said chuck comprising: 

\) a hollow body having a generally circular open first end. an opposed second end. and a wall with a 
45 substantially cylindrical inside surface extending between the ends; 

(ii) a mold seat defined by a ledge extending adjacent the inside surface of the wall, and an 
outwardly adjacent lip, both the ledge and lip extending about a seat axis with the lip projecting m a first 
axial direction of the seat axis away from the second end; 

iii) a lenthwise resilient vacuum conduit extending in the first axial direction to an open first end 
thereof, said conduit being disposed such that when a vacuum is applied therethrough, the open first end 
ceo sealingly engage against the mold when seated in the mold seat, to urge the mold against the ledge. 

53. A chuck as defined in claim 52 wherein the second end of said body has a lower vacuum opening 
aligned with the axis of the substantially cylindrical wall, and a second end of said vacuum conduit 
communicates therewith. 

54. A chuck as defined in any of claims 51 to 53 wherein the vacuum conduit comprises a bellows 
55 A spin coater comprising: 
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a) a housing having separate front and rear chambers separated such that light in the rear chamber i s 
substantially blocked from the front chamber; 

b) a drawer carrying at least one spin coater element each of which is suitable for spin coating a 
spectacle lens mold, sa.d drawer be.ng slideably mounted within said housing to move between front and 
rear positions tn which the spin coater is disposed in the front and rear chambers, respectively. 

56. A spin coater as defined in claim 55. additionally comprising an actinic light fixture disposed in the 
rear chamber, so that an actinic light disposed therein can illuminate each spin coater element when sa.d 
drawer is in the rear position. 

57. A spin coater as defined in claim 56 additionally comprising: 

a) a shutter disposed in the rear housing between sa.d light fixture and the rear position of sa.d 
drawer, sa.d shutter being moveable between a closed position in wh,ch the rear position of the drawer .s 
shielded from the light fixture, and an open position; 

b) a shutter trigger connected between said shutter and said drawer, so as to open and close sa.d 
shutter, m response to sa.d drawer mov.ng rearwardly into, and forwardly out of the rear position 
respectively. 



58. A sp.n coater as defined in claim 55. additionally compr.s.ng an actinic l.ght fixture disposed in the 
rear chamber, so that an actinic light mounted in sa.d fixture can illuminate each spin coater element when 

20 said crawer is in the rear position. 

59. A sp.n coater as defined in claim 57 wherein said shutter comprises two sheets hinged together in a 
sideways direction of sa.d housing and mounted to be forwardly and rearwardly pivotable about the h.nge 
between open and closed positions, corresponding to open and closed positions of the shutter, respectively" 
in wh.ch open pos.t.on the sheets are spaced apart at an inter.or angle greater than when in the.r closed 

25 position. 

60. A spin coater as defined in claim 58 where.n said shutter trigger comprises a resilient member 
connected between said drawer and said shutter, so as to open and close said shutter when said drawer 
moves rearwardly and forwardly, respectively, of a position adjacent the rear position. 

61. A spin coater as defined in claim 60 additionally comprising a reflector disposed in the rear 
chamber, and w.thin which reflector said actinic light fixture is disposed such that said reflector directs light 
from said fixture to the spin coater elements when said drawer is in the rear position. 

62. A spin coater as defined in claim 60 wherein said shutter is mounted in said reflector by means of 
guides on the sheets which ride in corresponding slots in the reflector. 

63. A method of producing a spectacle lens with abras.on resistant front and back coated surfaces, the 
method comprising: 

a) providing a partially polymerized coating composition on front and back surfaces of a spectacle 
lens form, the composition on one of the surfaces having lower solids content than the composition on the 
other; 

b) filling the form with a lens resin, and curing the lens resin. 

64. A method as defined in claim 63 where.n the compos.t.on on the back surface of the method has a 
lower solids content that the composition on the front surface. 

65. A method as defined m claim 63 or 64 compr.s.ng further polymerizing the front and back surface 
coatings, following curing of the resin 

66. A method of producing a spectacle lens with abrasion resistant front and back coated surfaces, cnc- 
of which is tintable while the other is not, the method comprising: 

a) coat.ng front and back surface molds with a polymenzable coating composition, the composition 
on the mold corresponding to the tintable one of the lens surfaces hav.ng a lower solids content than the 
composition on the other one of the molds; 

b) partially polymerizing the coating composition; 

c) assembling the molds within a gasket to Droouce a spectacle lens form; 

d) filling the form with a lens res.n, and cunng the resin such that the partially polymerized coatings 
will become onlv partially absorbed in the cured lens resin: 

ej separating the coatee fens from the form 

67. A method as defined .n claim 66 wnere-n the comcos.t.on on me bacK has a lower solids content 
than the ccmDCS.t.on on the front mold 
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68. A method as defined in claim 66 or 67 additionally comprising further polymerizing the front and 
back surface coatings, following curing of the resin. 

69. A spectacle lens with abrasion resistant front and back coated surfaces, produced by the method 
comprising: 

s a) providing a partially polymerised coating composition on front and back surfaces of a spectacle 

lens form, the composition on one of the surfaces having lower solids content than the composition on the 
other; 

b) filling the form with a lens resin, and curing the resin. 

w 70. A method of producing a spectacle lens with abrasion resistant front and back coated surfaces, the 
method comprising: 

a) coating front and back surface molds with a polymerizable coating composition, the composition 
on the mold corresponding to the tintable one of the lens surface having a lower solids content than the 
composition on the other one of the molds; 
J5 b) partially polymerizing the coating composition; 

c) assembling the molds within a gasket to produce a spectacle lens form; 

d) filling the form with a lens resin, and curing the resm such that the partially polymerized coatings 
wiil become only partially absorbed in the cured lens resin; 

e) separating the coated lens from the form. 

20 

71. A spectacle lens having abrasion resistant front and back coatings, one of which is tintable while the 
other is not. the tintable surface coating being less abrasion resistant than the other surface coating and 
being partially absorbed on the back surface of the lens. 

72. A spectacle lens as defined in claim 71 wherein the tintable coating is on the back surface of the 
25 lens. 
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